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Effects of Hyperventilation and Tetany 


on the Speech Fluency of 


Stutterers and Nonstutterers 


WENDELL JOHNSON 


MARTIN A. YOUNG 


ADOLPH L. SAHS 


GEORGE N. BEDELL 


The term ‘stuttering’ is commonly used 
to denote a disturbance of speech flu- 
ency, and most theories of stuttering 
involve the assumption that factors 
responsible for this disturbance are to 
be sought within either the body or 
‘the person’ of the speaker. Presumably 
relevant organic factors are assumed to 
be genetic, or acquired through physio- 
logical stress, biochemical imbalance, 
disease, or injury (6, 20, 34). Person- 
ality factors, assumed to be conducive 
to stuttered speech, are accounted for 
generally by reference to faulty per- 
sonality structure, emotional trauma, 
and other conditions variously defined, 
or undefined (2, 6, 11, 14, 28, 32, 33). 
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ment of Neurology; and George N. Bedell 
(M.D., University of Cincinnati, 1946) is 
Associate Professor of Internal Medicine. This 
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Easter Seal Foundation. 
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Alternative theories are those which 
do not presuppose organic or emotional 
distinctiveness of the speaker classified 
as a stutterer, stressing instead the learn- 
ing of behavior disruptive of otherwise 
normal speech (2, 14, 15, 16, 17, 28, 33, 
35). The senior author (17) has pro- 
posed a theory which stresses the inter- 
action among the perceptual, evalua- 
tive, symbolic, and motor reactions of 
the speaker and also the interaction 
between the speaker’s communicative 
behavior and the perceptual, evaluative, 
and overt reactions of his listeners; and 
from a considerable body of relevant 
data he has drawn the conclusion that 
the problem called stuttering originates 
in an interaction between speaker and 
listener, in which the decisive factor 
is a crucial judgment made by the 
listener of the speaker’s nonfluency, 
rather than the degree of the speaker’s 
nonfluency, per se. 


The general theory that stuttering, 
viewed as a disturbance of speech flu- 
ency, is due to organic fault has been 
advanced in several specific forms. One 
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of these is the hypothesis that stuttering 
is a form of tetany, or more specifically, 
latent tetany (20, 27, 34), presumably 
due to parathyroid deficiency with 
associated neuromuscular hyperexcita- 
bility. In latent tetany, the serum cal- 
cium! remains just above a critical 
level, and attacks of tetany may be pre- 
cipitated by excessive emotion, undue 
strain, or a ‘failure in health’ (7). Pro- 
longed hyperventilation, or overbreath- 
ing, may also result in tetany. Although 
hyperventilation tetany appears not to 
be fully understood, it has been asserted 
that it is due to a combination of fac- 
tors, including reduced hydrogen ion 
concentration, reduced calcium ion 
concentration, and a reduced carbon 
dioxide tension (3). 


Early reports of hyperventilation tet- 
any were made by Grant and Goldman 
(12) and Collip and Backus (5) in 1920. 
Brown (3) has presented an extensive 
summary of the research dealing with 
the physiological effects of hyperven- 
tilation, but of more interest and rele- 
vance to the present research are those 
effects of hyperventilation on psycho- 
motor performance. Among the repre- 
sentative findings have been those of 
Gellhorn (7, 8, 9, 10), who reported 
an increase in nystagmic movements 
during hyperpnea, reduction in hear- 
ing, lengthening of latent period of 
negative afterimages, and a shift from 
the ‘usualness’ in word associations. 
Rushmer and Bond (24) and Scow and 
others (26) both found that perform- 
ance deteriorated on several types of 


For 15 stutterers tested by Johnson, Sterns, 
and Warweg (19), the serum calcium was 
found to be within normal limits. Hill (73) 
came to a general conclusion essentially con- 
sonant with this finding after reviewing sev- 
eral other relevant stuc.:es. 


psychomotor test. Rahn and others 
(23) and Lillehei and Balke (22) each 
found, independently, that perform- 
ance was little affected until carbon 
dioxide tension fell below 25 mm Hg. 
Clinical reports (21, 22) have indicated 
that hyperventilation often results in 
decreased responsiveness to external 
stimuli. 

In the present study continuous rapid 
infrared carbon dioxide analysis was 
the procedure chosen to analyze carbon 
dioxide tension in the lungs. Limitations 
of this procedure have been reported on 
by Collier, Affeldt and Farr (4). Their 
conclusion was that although continu- 
ous rapid infrared carbon dioxide anal- 
ysis is the most convenient (though not 
more accurate than blood analysis), it 
and any other method suffer from the 
fact that carbon dioxide concentration 
varies constantly with time and space 
in the lungs. Hence, any one value for 
carbon dioxide tension is an approxima- 


tion or average of a constantly chang- 


ing value. 


Problem 


If stuttering is a form of latent tet- 
any, and stutterers hover on the brink 
of some critical imbalance or level, then 
stutterers could be expected to show a 
deterioration of speech performance 
under hyperventilation. Indeed, it has 
been reported (22, 23) that even a mod- 
erate drop in alveolar carbon dioxide 
tension due to hyperventilation results 
in impaired motor performance for 
nonstutterers. If stuttering is due to 
latent or active tetany, it is to be pre- 
dicted that stutterers would perform 
more stuttering after moderate hyper- 
ventilation. Specifically, the problems 
posed are as follows: (a) What changes 
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are to be observed in the speech fluency 
of stutterers and nonstutterers as a re- 
sult of hyperventilation tetany, induced 
by voluntary overbreathing, and of the 
related physiological side-effects of 
hyperventilation? (b) Do stutterers and 
nonstutterers differ in respect to alveo- 
lar air carbon dioxide tension, as meas- 
ured by continuous rapid infrared 
analysis, before and after speaking, be- 
fore and after hyperventilation, and 
after speaking following hyperventila- 
tion? 


Procedure 


Experimental Design. The experi- 
mental procedure was designed to yield 
data relevant to the foregoing questions. 
The experimental subjects (stutterers) 
and control subjects (nonstutterers) 
were tested under similar laboratory 
conditions by means of the same experi- 
mental procedure, with certain excep- 
tions to be noted shortly. This proce- 
dure was as follows: 


Each subject was escorted to the 
Pulmonary Function Laboratory? and 
instructed to lie in a supine position 
on a hospital litter. After a brief state- 
ment concerning the nature and pur- 
pose of the study was presented, data 
pertaining to the subject’s age and edu- 
cational status were obtained. The car- 
bon dioxide analyzer® was calibrated 
and the subject shown how to use the 
mouthpiece. The subject took sev- 


*Department of Internal Medicine, Univer- 
sity Hospitals, Iowa City, Iowa. 

‘Liston-Becker Gas Analyzer, Model 11, 
manufactured by Liston-Becker Instrument 
Company, Inc., Stamford, Conn. 


eral preliminary breaths to ascertain 
whether or not the mouthpiece was 
in place and the equipment was work- 
ing properly. A nose clamp was applied 
to assure mouth breathing. The San- 
born Recorder* was turned on and al- 
veolar carbon dioxide tension (alveolar 
CO, pressure) was measured on five or 
six consecutive breaths. The subject 
was then asked to sit up and a micro- 
phone was placed before him. He was 
handed a folder containing a 150-word 
reading passagé and told to read this 
passage aloud twice. A tape recorder, in 
full view of the subject throughout the 
entire procedure, was then turned on. 
After the second reading was com- 
pleted, the subject was told to lie down 
and replace the mouthpiece in his 
mouth. At this time the tape recorder 
was turned off, the Sanborn Recorder 
turned on, and a sampling of three or 
four complete breaths obtained. 


Stillin a supine position with mouth- 
piece in place, the subject was given 
instructions for the hyperventilation 
procedure to follow, and then hyper- 
ventilated at a rate approximating 20 
deep breaths per minute. The Sanborn 
Recorder was turned on at the begin- 
ning and end of the hyperventilation 
procedure, long enough to record at 
least three complete breaths each time. 
Close watch was kept on each subject 
to insure that voluntary overbreathing 
was carried out as prescribed, with re- 
spect to both depth and rate, and also 
to note the presence of any signs of 
tetany. Periodically, an attempt was 


‘Sanborn Twin-Viso Recorder, Model 60- 
1300, manufactured by Sanborn Company, 
Cambridge, Mass. 
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made to elicit Chvostek’s sign.’ When 
this sign was quite positive, in the opin- 
ion of the experimenter, or when carpo- 
pedal spasms were present, hyperventi- 
lation was discontinued. 


As soon as possible, usually a matter 
of seconds, after the hyperventilation 
procedure had been concluded, the 
mouthpiece was removed and the sub- 
ject was asked to read the test passage 
aloud for the third time. At the com- 
pletion of this reading, the subject as- 
sumed the supine position and replaced 
the mouthpiece, and a final alveolar 
COz pressure determination was made. 
The subject was allowed to rest on the 
litter until the effects of hyperventi- 
lation had disappeared and then was 
dismissed. 


The stuttering group also had an 
experimental control condition, with 
a scheduled interval of seven days be- 
tween the two sessions.® In the second 
session, however, a five-minute rest 
period was substituted for the hyper- 
ventilation procedure, and a different, 
but comparable, 150-word reading pas- 
sage was employed. During the rest 
period, the conditions of the hyper- 
ventilation procedure were simulated 
by having the subject in a supine posi- 
tion on the litter with the mouthpiece 
in place. The two experimental sessions 
for the stutterers, hyperventilation and 
no hyperventilation, and the two read- 
ing passages, were counterbalanced, and 


*Chvostek’s sign is produced by tapping the 
facial nerve just below the zygoma. It appears 
as twitching or spasms of facial muscles or as 
fine but definite contractions occurring around 
the eyes, nose, or corners of the mouth. See 
Best and Taylor (1) for further discussion of 
this and other signs of tetany. 

‘For two of the 20 experimental subjects the 
between-sessions interval was nine days and 
for one it was six days. 


subjects were assigned at random to 
one of the four possible combinations. 


It was not feasible, under the experi- 
mental conditions employed, to control 
or evaluate precisely the duration of 
hyperventilation necessary for the pro- 
duction of tetany. Depth and rate of 
overbreathing were difficult for the 
experimenter to control and for the 
subject to regulate, and oftentimes a 
subject’s efforts flagged and the experi- 
menter had to give encouragement and 
reassurance in order to keep him going. 
It was assumed that the measurement of 
alveolar CO pressure at the end of 
hyperventilation would provide infor- 
mation relevant to the evaluation of 
differences, between stutterers and non- 
stutterers, with which the present re- 
search was concerned. This appears to 
be a reasonable assumption since alveo- 
lar CO, pressure changes slightly, or 
not at all, after the first five minutes of 
hyperventilation (7), and all subjects 
in this experiment were hyperventilated 
at least 10 minutes. For most subjects 


- the duration of hyperventilation was 


between 15 and 25 minutes and the 
mean was about 20 minutes.’ 


Subjects. Twenty male college stu- 
dents, receiving speech therapy at the 
University of Iowa Speech Clinic, and 
who were considered to be stutterers 
by themselves and by their clinicians, 
constituted the experimental group. 
The age range of this group was 18 to 
37 years with a mean age of 22.2 years. 
Four subjects had been eliminated pre- 
viously from the experimental group 
because they had been unable or un- 


"It is possible to effect some degree of con- 
trol over duration of hyperventilation by using 
a tank-type, full-body respirator. See Lillehei 
and Balke (22), for a description of a research 
project involving this procedure. 
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TasBLe 1. Mean number of total nonfluencies performed by 20 stutterers for three readings under 


two experimental conditions. 











Reading 1 Reading 2 Reading 3 Total 
Hyperventilation 33.1 27.0* 23.4 27.8 
No Hyperventilation 33.2 27.0 24.3 28.2 
Total 33.2 27.0 23.9 28.0 








*Hyperventilation was introduced after Reading 2. 


willing to carry through the hyper- 
ventilation procedure. The control 
subjects consisted of 20 male college 
students who were not and never had 
been considered stutterers. The mean 
age of this group was 24.3 years with 
a range of 20 to 33 years. One subject 
had been eliminated previously from 
this group when during a preliminary 
interview he identified himself as a for- 
mer stutterer.6 All experiments were 
performed in the evening, with the ex- 
perimenter (Young) as the only ob- 
server. 

Data Analysis. Five measures of al- 
veolar CO, pressure were obtained 
from each subject: (a) before first 
reading, (b) after secund reading, (c) 
at beginning of hyperventilation, (d) at 
end of hyperventilation, and (e) after 
reading of test passage following hyper- 
ventilation. Five additional measures of 
alveolar CO. pressure were obtained 
from each experimental group subject 
during the second session, in which a 


*The use of a third group of subjects had 
been contemplated in the early planning stages 
of the present study. This group would have 
consisted of individuals with speech disturb- 
ances such as dysphasia and dysarthria, pre- 
sumably due to neurological impairment. 
However, consideration of the physiological 
effects of hyperventilation, such as hyperpnea, 
cerebral vasoconstriction and fatigue, per- 
suaded the investigators not to subject persons 
with the indicated conditions to the experi- 
mental procedure. 


resting period was substituted for the 
hyperventilation procedure. Two meas- 
ures of fluency were obtained from the 
tape recordings of the three readings 
by the control subjects and the six 
readings by the experimental subjects. 
One of these measures was the total 
number of nonfluencies and the other 
was rate, defined as the number of sec- 
onds required to read the 150-word 
test passage.® The choice of these two 
measures was based on previous re- 
search by Sherman and Trotter (29), 
Sherman, Young, and Gough (30) and 
Young (36), which indicated that 
strong relationships were present be- 
tween these variables and rated severity 
of stuttering. 


The second experimental session for 
the stutterers appeared to be necessary 
since most stutterers demonstrate a 
decrease in frequency and severity of 
stuttering over repeated readings of 
the same material; therefore the effects 
of hyperventilation and tetany on 
speech performance would have been 
confounded with this adaptation effect 
and could not have been evaluated had 
not a control condition been included 
in the design. In addition, there was a 
need to demonstrate the degree of con- 
sistency for alveolar COz pressure on 


*See Johnson (18) for procedures involved 
in nonfluency analysis. 
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Taste 2. Summary of analysis of variance for evaluating the differences among the three readings 
under two experimental conditions with respect to total number of nonfluencies performed by 20 











stutterers. 
Source df ms F Significance 
Between Subjects 19 4608 .68 
Order (C)* 1 5685.63 1.25 NSt 
Error b 18 4548.86 
Within Subjects 100 82.5. 
Readings (A) 2 891.78 18.32 1% 
Conditions (B) 1 3.3 .02 NS 
AXB 2 2.01 15 NS 
AXC 2 48.01 99 NS 
BXC 1 300.83 1.43 NS 
AXBXC 2 14.11 1.03 NS 
Error w 90 
Error w; 36 48.68 
Error we 18 210.82 
Error ws 36 13.66 
Total 119 








*The two experimental conditions were rotated. 
{Not significant at the 5% level. 


repeated trials..° No comparison of 
fluency was made between the two 
groups, since this would not have been 
relevant to the purpose of the present 
experiment, comparisons of stutterers 
and nonstutterers with respect to non- 
fluency have been presented and 
discussed elsewhere by Johnson (/4, 
16, 17, 18). The reliability of the ex- 
perimenter in making the nonfluency 
analysis was demonstrated in a previous 
study to be sufficient for the purposes 
of this investigation (36). 


Results 


Nonfluency Analysis. The nonflu- 
ency data obtained from the tape- 
recorded speech samples of the 20 stut- 
terers and 20 nonstutterers are sum- 
marized and evaluated in Tables 1 
through 6. The mean total numbers of 


“Data obtained by Sander (25) indicated 
that measures obtained from the nonfluency 
analysis were highly consistent over a short 
period of time. 


nonfluencies performed by the 20 stut- 
terers during three readings under two 
experimental conditions, hyperventila- 
tion and no hyperventilation, are to be 
found in Table 1. Analysis of variance 
was employed to evaluate the differ- 
ences between conditions and among 
readings, and the results of this analysis 
are presented in Table 2. The obtained 
significant mean square for Readings 
(A) and nonsignificant mean squares 
for Conditions (B) and Readings by 
Conditions (A x B) indicate that, for 
conditions combined, there were sys- 
tematic differences among the three 
readings, and that these differences, or 
trends, when considered for each con- 
dition separately, may be assumed to 
coincide. In other words, it may be 
inferred that, under the conditions of 
this experiment, the expected reduction 
in frequency of nonfluency from read- 
ing to reading of the same material is 
not affected by hyperventilation or 
hyperventilation tetany. 
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TaBLE 3. Mean reading time, in seconds, required by 20 stutterers for three readings of the test pass- 
age under two experimental conditions. 











Reading 1 Reading 2 Reading 3 Total 
Hyperventilation — 144.5 138.0* 124.4 135.6 
No Hyperventilation 137.6 136.5 128.1 134.1 
Total 141.0 137.2 126.2 134.8 








*Hyperventilation was introduced after Reading 2. 


TABLE 4, Summary of analysis of variance for evaluating the differences among the three readings 
under two experimental conditions with respect to reading time, in seconds, required by 20 stutterers. 











Source af ms F Significance 
Between Subjects 19 62766. 26 
Order (C)* 1 75100 .02 1.21 NSt 
Error b 18 62081 .05 
Within Subjects 100 
Readings (A) 2 2369.41 6.07 1% 
Conditions (B) 1 70.53 .02 NS 
AXB 2 283.61 1.48 NS 
AXC 2 830.16 2.12 NS 
BXC 1 6780.03 1.93 NS 
AXBXC 2 21.06 1. NS 
Error w 90 
Error wy 36 390.26 
Error we 18 3516.80 
Error w3 36 191.35 
Total 119 








*The two experimental conditions were rotated. 
{Not significant at the 5% level. 


Essentially the same type of data and 
analysis are repeated in Tables 3 and 4 
as are presented in the two previous 
tables, but in this instance the measure 
of fluency was number of seconds re- 
quired to read the 150-word test pas- 
sage. The results of this analysis, sum- 
marized in Table 4, indicate that the 
presence of tetany and the other effects 
of hyperventilation do not alter stut- 
terers’ expected speech performance, as 
far as rate is concerned. These results 
are not surprising in view of the strong 
relationship between total number of 
nonfluencies and reading time.™* 


“For these two variables, both Sherman, 
be 3 and Gough (30) and Young (36) 
found significant correlations of .76. 


Analysis of variance could not be 
used to evaluate the measures of total 
number of nonfluencies obtained from 
the tape recordings by 20 nonstutterers, 
since these measures were not distrib- 
uted normally, were highly skewed, 
and had a restricted range. Instead, a 
Friedman two-way analysis of variance 
by ranks (31) was performed.” In the 


*Scores are ranked for individual subjects 
with respect to treatments. If there are no dif- 


_ ferences among the treatments, one would ex- 


pect the sum of ranks for the three treatments 
to differ from each other by chance alone. 
The values for the sum of ranks obtained in 
the present analysis were 41.0, 36.5, and 42.5 
for Readings 1, 2, and 3, respectively. Chi 
square, df = a-l, is computed as follows: 
x, = 12 R;? / Na(a+1) — 3N(a+ 1) 
where Rj; = sum of ranks, N = number of 
subjects, and a = number of treatments. 
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Taste 5, Summary of analysis of variance for evaluating the differences among the three readings 
with respect to reading time, in seconds, required by 20 nonstutterers. 











Source df ms F Significance 
Readings (A) 2 23.62 4.64 5% 
Subjects (S) 19 118.59 
AXS 38 5.09 
Total 59 








Tasie 6. Mean values of alveolar air carbon dioxide tension for 20 stutterers and 20 nonstutterers 


under five experimental conditions.* 











Conditions 
1 2 3 5 Total 
Stutterers 40.2 40.1 39.2 21.2 30.9 34.3 
Nonstutterers 40.4 40.5 39.1 22.5 32.2 35.0 
Total 40.3 40.3 39.2 21.8 31.6 34.7 








*1: before reading; 2: after reading; 3: at beginning of hyperventilation; 4: at end of hyperventilation; 


5: after reading following hyperventilation. 
{Values in terms of mm Hg. 


present study, the value computed was 
.98 (df = 2), which was not significant 
at the 5% level. 

The mean values of reading time re- 
quired by the stutterers for the three 
readings of the test passage under 
the hyperventilation condition were 
59.2, 57.8, and 60.0 seconds, respec- 
tively. It can be seen that these means 
for the three readings show the same 
trend that the sum of ranks did in the 
test mentioned just previously; that is, 
there was an increase in fluency, defined 
as rate, from the first to the second 
reading, and then a decrease in fluency 
following hyperventilation. Analysis of 
variance, the results of which are pre- 
sented in Table 5, was used to evaluate 
the differences among the means. The 
mean square for Readings (A) was sig- 
nificant at the 5% level, indicating 
that there were significant differences 


among the three readings in terms of 
reading time. The critical difference’ 
necessary for significance at the 5% 


_level is 1.44. Only the difference be- 


tween Reading 2 and Reading 3 reached 
significance at the 5% level. The im= 
plications which may be drawn from 
these statistical tests, involving total 
number of nonfluencies and reading 
time, are that hyperventilation and tet- 
any are followed by slight decrease in _ 
the speech fluency of the nonstutterers, 
insofar as these measures are to be con- 
sidered as indicators of fluency. 
Carbon Dioxide Tension. Alveolar 
air carbon dioxide tension, in terms of 
mm Hg, was measured under five ex- 
perimental conditions for the 20 stut- 
terers and 20 nonstutterers, and the 
means for these measures are to be 
found in Table 6. From an examination 


"Critical difference = t.os (2msas/s)™*. 





’ 
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TaBLE 7. Summary of analysis of variance for evaluating the differences between stutterers and non- 
stutterers with respect to alveolar air carbon dioxide tension under five experimental conditions. 











Source df ms F Significance 
Between Subjects 39 54.01 
Groups (B) 1 19.22 .3d NS* 
Error b 38 54.93 
Within Subjects 160 69.24 
Conditions (A) 4 2580.52 529 .92 % 
AXB 4 4.02 .83 NS 
Error w 152 4.87 
Total 199 








*Not significant at the 5% level. 


of this table it can be seen that at the 
end of hyperventilation, Condition 4, 
the mean value of alveolar CO2 pres- 
sure is almost half the normal or rest- 
ing value in Condition 1, and also that 
in Condition 5, after reading following 
hyperventilation, alveolar COz pressure 
is only about three-fourths of the nor- 
mal value. This would imply that the 
effects of hyperventilation were still 
partially present during the third read- 
ing of the test passage, a circumstance 
quite important to the design of this 
study. Analysis of variance, as shown 
in Table 7, was employed to evaluate 
the differences between stutterers and 
nonstutterers with respect to the vari- 
able under consideration. Observation 
of the data reported in Table 6 alone 
would indicate that there were no sig- 
nificant differences between the two 
groups and that no interaction was 
present between the five conditions and 


the two groups. The statistical analysis 
in Table 7 supports this observation, 
since the mean square for Groups (B) 
and the mean square for interaction 
(A X B) were not significant at the 

% level. It seems unlikely that a 
Type II error has occurred, that is, 
that a false null hypothesis has been 
accepted, in view of the small differ- 
ences between the means of the two 
groups for each condition. The signifi- 
cant mean square for Conditions (A) 
was to be expected, since this variable 
was under control of the experimenter, 
and, in fact, was part of the experimen- 
tal design. 

Data were available to evaluate the 
consistency of alveolar CO. pressure 
measures for the stutterers since a sec- 
ond experimental session was added for 
this group. Although alveolar CO. 
pressure was measured five times in the 
second or control session, only the first 


TaBLE 8. Mean values of alveolar air carbon dioxide tension for 20 stutterers before and after reading 


under two experimental conditions. 











Before Reading 1 After Reading 2 Total 
Hyperventilation 40.2* 40.1 40.2 
No Hyperventilation 41.1 41.6 41.3 
Total 40.6 40.9 40.7 








*Values in terms of mm Hg. 
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Taste 9. Summary of analysis of variance for evaluating the differences between alveolar air carbon 
dicxide tension for 20 stutterers for two readings under two experimental conditions. 











Source af ms F Significance 
Between Subjects 19 33.23 
Order (C)* 1 5.89 17 NSt 
Error b 18 34.75 
Within Subjects 60 6.73 
Readings (A) il .90 13 NS 
Conditions (B) 1 28.44 3.94 NS 
AXB 1 2.21 .59 NS 
AXC 1 22.37 3.24 NS 
BXC 1 .02 .00 NS 
AXBXC 1 28.20 7.49 5% 
Error w 54 5.96 
Error w;, 18 6.89 
Error we 18 7.22 
Error w3 18 3.76 
Total 79 








*The two experimental conditions were rotated. 
{Not significant at the 5% level. 


two measures obtained are pertinent to 
the problem of alveolar COs pressure 
consistency. Mean values of alveolar 
COz pressure before and after reading 
under the two conditions are presented 
in Table 8. There was an interval of 
seven days for almost all subjects be- 
tween the two sessions, and the order 
of the sessions was rotated. Table 9, 
a summary of the analysis of variance 
employed to evaluate these means, indi- 
cates no significant differences between 
measures before and after reading for 
conditions combined or between the 
two experimental sessions for readings 
combined. This apparent consistency is 
reassuring in view of the analysis of 
variance presented in Table 7 which 
indicated that no differences were pres- 
ent in alveolar CO, pressure between 
the stutterers and the nonstutterers. 


Discussion 


The use of a reading passage, choice 
of nonfluency measures, and inclusion 


of stutterers representing various levels 
of severity, were dictated by the exper- 
imental design, previous research, and 
other practical considerations. For these 
reasons and others to be indicated cer- 
tain limitations are to be placed on gen- 
eralizations drawn from the obtained 
data. First, stutterers and nonstutterers 
were hyperventilated only to the point 
at which the experimenter considered 
Chvostek’s sign to be positive or carpo- 
pedal spasms to be present. Second, 
there are many other physiological con- 
sequences of hyperventilation which 
may have been confounded with the 
effects of tetany, both for the stutterers 
and the nonstutterers. Also to be con- 
sidered is the fact that the subjects, 
sitting on a hospital litter, read a rela- 
tively short and emotionally neutral 
prose passage, hardly a usual type of 
speaking situation. However, of the 
stutterers’ 120 readings, roughly one- 
third were considered to contain fewer 
than 10 nonfluencies, and it is to be 
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assumed that if deterioration in fluency 
occurs it is to be observed more easily 
in the speech of mild than of severe 
stutterers since the resulting difference 
would be more conspicuous. 

While generalization is to be judi- 
ciously limited, it is to be duly con- 
sidered that if stutterers are supposed 
to be precariously poised on the brink 
or threshold of some imbalance, bio- 
chemical or neurological, it might rea- 
sonably be expected that hyperventila- 
tion and its several consequences—such 
as tetany, hyperpnea, apnea, respiratory 
alkalosis, and increased irritability of 
muscle tissue—would be followed by 
some more or less readily detectable 
change in the fluency of their speech. 
The data obtained indicate quite clearly 
that this was not the case. It might be 
postulated that stutterers have an excess 
of carbon dioxide, hence the decreased 
fluency for the nonstutterers after 
hyperventilation and no change for the 
stutterers, but the analysis indicates that 


there are no differences with respect to ° 
alveolar COzg pressure under the five | 


experimental conditions examined. Con- 
sidering the fluctuation of alveolar CO2 
pressure over time, and the experimen- 
tal error possible in measuring alveolar 
COz pressure, it is surprising that the 
differences between two groups of sub- 
jects would be as small as those obtained 
in this study. The essential similarity of 
the two groups in this respect provides 
no support for the hypothesis that in 
stutterers tetany is latent and readily 
activated by comparatively slight modi- 
fication in COs tension and other rele- 
vant conditions. 

In general, the findings of this in- 
vestigation do not lend support to the 
general theory that stuttering, con- 


sidered as nonfluency of the speech of 
persons classified as stutterers, is due to 
organic factors. It does not follow, 
however, that speech fluency, per se, 
may not be functionally related to 
organic factors; indeed, in the present 
study hyperventilation and induced 
tetany were followed by a slight de- 
crease in the speech fluency of the non- 
stutterers. A major implication of the 
data is that the problem generally re- 
ferred to as stuttering is to be differen- 
tiated from the problem of speech 
nonfluency, as such. In light of this 
implication, the present study may be 
viewed most appropriately as an in- 
vestigation of the relationship between 
neuromuscular and biochemical varia- 


tion and change in the fluency and rate 


of speech—in speakers classified either 
as stutterers or as nonstutterers. 


Summary 


Data were obtained to test the hy- 
pothesis that stuttering is associated 
with latent tetany. Twenty stutterers 
and 20 nonstutterers read a 150-word 
passage three times, and were hyper- 
ventilated between the second and third 
readings until signs of tetany appeared. 
It was concluded that the stutterers and 
nonstutterers did not differ significantly 
with respect to alveolar air carbon 
dioxide tension, and that there were no 
significant changes in the speech flu- 
ency of the stutterers as a result of 
hyperventilation and tetany. There 
was, however, a slight decrease in the 
speech fluency of the nonstutterers fol- 
lowing induction of tetany through 
hyperventilation. The findings imply 
that the problem called stuttering is to 
be differentiated from the problem of 
speech nonfluency, as such. 
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The Latin Square Design 


in Speech and Hearing Research 


LEONARD S. FELDT 


Even a casual review of the speech and 
hearing research literature for the past 
10 years reveals quite remarkable prog- 
ress in the improvement of the typical 
experimental design. Within this period 
experimenters have advanced from al- 
most total reliance (often inappropri- 
ate reliance) on ¢ tests, chi square tests, 
and simple product-moment correlation 
coefficients to sophisticated use of com- 
plex analysis of variance designs, The 
adoption by one discipline of statistical 
techniques originally developed by an- 
other is often accompanied by a high 
proporticn of misapplications. Many fla- 
grant examples of such misuse of the 
methods of analysis of variance can be 
found in the psychological literature 
of 15 or 20 years ago, when the tech- 
niques were newly borrowed from 
agricultural research. The transition of 
these same techniques from experimen- 
tal psychology to speech and hearing 
research has undeniably involved nu- 
merous instances of this unfortunate 
trend. Yet it may be fairly said that 
as the body of trained research work- 
ers has grown, the proportion of poorly 
conceived and inappropriately executed 
analyses has declined to the point of 
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favorable comparison with research in 
the other behavioral sciences. 


The most frequent errors occurring 
today involve the more complex analy- 
ses, particularly those designs involving 
several experimental dimensions and 
repeated measurements of the experi- 
mental subjects. The Latin square de- 
sign has been especially subject to 
abuse. The purpose of this paper is to 
clarify the nature of this design, to dis- 
cuss the assumptions which underlie it, 
and to outline some of its advantages 
and limitations in speech and hearing 
research. 


As employed in the behavioral sci- 


“ences, the basic Latin square design 


represents a variation on the two- 
dimensional factorial analysis. Both of 
the experimental variables are ‘assign- 
able’; that is, the various levels of each 
treatment represent conditions which 
may be manipulated by the experi- 
menter. They are imposed at will on 
any specified subject rather than ac- 
cepted as an unalterable characteristic 
of the subject. The important differ- 
ences between the Latin square and the 
factorial design are that (a) the same 
numbers of levels must be represented 
in all experimental variables and (b) it 
must be administratively and experi- 
mentally feasible to expose an experi- 
mental subject to more than one level 
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of each treatment. In an A X B fac- 
torial design, with a levels of both vari- 
ables, there are a total of a+ a or @ 
treatment combinations. In the Latin 
square design, each subject is required 
to take a of these combinations, among 
which each level of each variable oc- 
curs once and only once. Thus, if the 
treatments are designated A;, As, As, 
Bi, Be, and B3, Subject 1 might be as- 
signed these combinations: A; with Bo, 
Az with Bs, and Ag with B;. Subject 2 
might be assigned A; with Bs, Ae with 
B., Ag with By. In each case every level 
of A and every level of B are repre- 
sented, though the combinations vary 
and no subject is exposed to any level 
more than once. 


Many experimenters may not realize 
that this type of design represents a 
considerable modification of the Latin 
square from its original conception in 
agricultural research. In the latter field 
the design involved three, not two, ex- 
perimental variables and the nature of 
the variables had a marked effect on 
the assumptions underlying the design. 
Two specific examples might clarify 
the differences. Suppose an experi- 
menter wishes to study the effects of 
delayed sidetone on some aspect of 
speech, such as number of nonfluencies 
or speech blocks, under varying condi- 
tions of background noise. Three levels 
of noise (factor A) are to be employed 
at each of three levels of delay (factor 
B). Knowing the Latin square design 
would improve experimental precision 
(a topic discussed in a later section), 
the experimenter would randomly sub- 
divide his subjects into three equal 
groups (I, II, and III) and assign the 
groups to treatment combinations as 
indicated here. 











Noise 1 Woise 2 Noise 3 
Delay 1 Gp. I Gp. II | Gp. Il 
Delay 2 Gp. Ill | Gp.I | Gp. 
Delay 3 Gp. II | Gp. II | Gp. I 

















Consider now a typical agricultural 
experiment involving the effect of vari- 
ous dosages of a new drug (factor C) 
on the average birthweight of litters 
of pigs. The experimental animals are 
to be drawn from three randomly se- 
lected herds (factor A), and the ani- 
mals are to farrow within three ran- 
domly selected intervals of the year 
(factor B). The experiment might be 
diagrammed as follows: 











Herd 1 Herd2 _ Herd 3 
Time 1 Dose 1 | Dose 2 | Dose 3 
Time 2 Dose 3 | Dose 1 | Dose 2 
Time 3 Dose 2 | Dose 3 | Dose 1 

















Several important differences are 
brought out by these examples. First, 
the intrinsic nature of factors A and B 
varies from one experiment to the other. 
In the speech experiment these factors 
represent the important effects under 
study. The differences between groups 
are entirely random, or would have 
been had all groups been given the 
same treatments. In the agricultural 
experiment, ‘Herds’ and ‘Times’ are 
factors of little interest, except to the 
extent that they make possible greater 
generality and possibly greater preci- 
sion in the evaluation of factor C. Thus 
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the random or nonrandom nature of 
the variables in these two areas is often 
reversed. A second important differ- 
ence lies in the manner in which the 
levels of each variable are defined. In 
the speech experiment, the levels are 
chosen only after careful consideration 
of the overall experimental situation, 
and conclusions will pertain only to the 
specific levels selected. In the agricul- 
tural experiment, the three ‘levels’ of 
A and B are randomly chosen from 
large populations of such levels, and 
conclusions will apply to the entire 
populations. A third crucial difference 
concerns the character of the inter- 
action of factors A and B. In the speech 
experiment this effect might well be as 
important as (or more important than) 
the two main effects. The experimenter 
would exercise considerable care to 
keep this effect uncontaminated by fac- 
tors which could systematically affect 
all of the subjects under any combina- 
tion of treatments. The presence of 
random differences between groups 
would not invalidate the test of this 
effect, since such differences would be 
fully reflected in the error term used 
to assess significance. In the agricultural 
experiment, the interaction between 
Herds and Times might be regarded, 
were it not for the presence of factor C, 
as reflecting only sampling and experi- 
mental error. The main effect of C, 
computed by combining the cells in- 
volving each specific dosage, would 
therefore be uncontaminated by any 
real interaction between factors A and 
B. The variance analysis would include 
mean squares only for the three main 
effects and residual. Since no intrinsic 
interactions are presumed to exist, no 
mean square is computed for them, 


It was a number of years before the 
majority of experimenters in psychol- 
ogy and education grasped these impor- 
tant differences. Many a psychological 
experiment followed the agricultural 
model faithfully, even though neither 
factor A nor B could be considered 
random nor the interaction of A and B 
reasonably expected to involve only 
error variance. The effect of variable C 
was duly evaluated by combining the 
cells into three sets of three each: 
AiBiC, + AsBeC, + AgsBsC;, AsBiC, 
+ AsBoCo + A;Bs3Co, and A3B,C3 a 
AsB3C; + A;BeC3. The differences be- 
tween the means of these sets did pre- 
sent the main effect of factor C, of 
course, but as sophisticated experiment- 
ers now recognize, they also partially 
reflected the A  B interaction. Thus, 
as McNemar (5) has pointed out, such 
an experiment could never adequately 
assess the importance of factor C, the 
crucial experimental variable. 


Research workers in speech pathol- 
ogy and audiology have profited from 


. these early errors, perhaps because 


many of today’s workers have been 
trained by a generation of psychologists 
that first committed, then recognized, 
them. But other subtleties of the Latin 
square are still often overlooked, par- 
ticularly those which concern the inter- 
action of the experimental variables and 
the assumptions underlying the statisti- 
cal tests. These are discussed in the fol- 
lowing sections. 


Interaction in the Latin 
Square Design 


Gourlay (3) has made a very worth- 
while distinction between two types of 
interaction which may arise in the Latin 
square design. The first is that intrinsic 
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interaction which exists between at least 
two levels of factor A and two levels of 
factor B and which would be revealed 
in an orthodox factorial design of suffi- 
cient precision. It is the type of inter- 
action which would exist within in- 
dependent treatment populations, and 
constitutes the interaction of prime 
interest to the experimenter. The sec- 
ond type is no less real but considerably 
less interesting. It is the interaction 
which arises solely as a result of the 
repeated use of experimental subjects— 
the interaction which would occur in 
related treatment populations of a Latin 
square design, but would not occur in 
independent treatment populations of 
an orthodox factorial design. In discuss- 
ing designs involving replicated meas- 
urement, Lindquist (4) implicitly makes 
the same distinction when he empha- 
sizes the importance of the assumption 
that the treatments must have little 
residual effect on the subject. Unless 
the cumulative effect of treatments is 
systematically controlled or is of pri- 
mary interest, each experimental con- 
dition must ‘wear off’ and leave the 
subject free to react quite naively to 
any subsequent treatment he may re- 
ceive. Should the first treatment com- 
bination influence the second, and the 
first plus the second influence the third, 
the validity of the experiment would 
clearly be impaired. 

In many areas of speech research the 
presumption of no residual effects 
seems quite defensible. Many experi- 
mental conditions involve no learning, 
no practice effects, no fatigue factors, 
and no interference or inhibition phe- 
nomena. A subject’s perception of pure 
tones under various conditions, for ex- 
ample, can be measured on occasions 


sufficiently separated in time to render 
one listening session of negligible influ- 
ence on the next. Speech samples of 
stutterers can be collected under a 
variety of conditions that would result 
in little ‘intermingling’ of treatments. 
Some experiments involve data obtained 
from subjects who are quite unaware 
that they are participating in a con- 
trolled study, and hence the treatment 
conditions affect one another no more 
than one normal life activity affects an- 
other. But in the majority of experi- 
ments the influence of one treatment 
on another cannot be assumed negligi- 
ble, and the experimenter must employ 
a design which exercises some measure 
of control over cumulative effects. To 
ignore them is to fail to recognize that 
the observed interaction may not be a 
true treatment interaction but rather 
a carry-over effect of a highly artificial 
kind. Even the absence of interaction 
cannot be unambiguously interpreted, 
since the residual effect might cancel or 
offset the more important component 
of the interaction. 


Residual or carry-over effects may 
actually be of two kinds, one somewhat 
simpler than the other. Treatment A, 
may provide beneficial practice for 
treatment A» and these in turn may 
contribute to even better performance 
on Ag. If the sequence were changed 
to As—A;—Ay, then A; would stand to 
benefit to precisely the same degree. 
Such an effect might be called a rank- 
order carry-over—an advantage (or dis- 
advantage) accruing to the second, 
third, . . . treatments as a direct result 
of practice, learning, fatigue, motiva- 
tional changes, and the like. The effect 
is simply additive, a function of ‘first- 
ness,’ ‘secondness,’ ‘thirdness,’. . . . The 








220 Journal of Speech and Hearing Research 


second carry-over effect is somewhat 
subtler. It arises whenever the practice, 
adaptation, or fatigue factors generated 
by one treatment condition are greater 
than those produced by another. Per- 
haps condition A, provides better prac- 
tice for A» than Ag does for Ag. Thus, 
the combination of treatment A, fol- 
lowed by Ag followed by Ag may yield, 
on the average, higher (or lower) 
scores than the combination treatment 
As followed by Az followed by Ax. 
In each case all treatments and all posi- 
tions (first, second, and third) are rep- 
resented, yet the combinations are not 
equivalent. In such a situation, sequence 
of treatments makes a difference, and 
it seems reasonable to call this phenom- 
enon a sequence carry-over. 

Either, both, or neither of these 
carry-over effects can potentially oper- 
ate in any Latin square. It thus becomes 
highly crucial that the experimenter, 
unless he has good reason to expect 
that they won’t arise, plan the design 
to cope with this eventuality. This may 
be done in three ways: (a) list all pos- 
sible sequences of treatments and choose 
one randomly and independently for 
each subject; (b) employ a counter- 
balancing arrangement which permits 
each treatment to occur equally often 
in each administrative position; or 
(c) pick out a consistent, prescribed 
order for the A treatments to apply to 
all subjects and let the orders occur as 
they may so far as B is concerned. Each 
of these options has both advantages 
and disadvantages, but the counter- 
balancing approach is probably the 
most generally useful solution to the 
problem. Its only drawback, which the 
conscientious experimenter can resolve, 
is the complexity it adds to the analysis 
and reporting of the experimental data. 


Counterbalancing Order in the 
Latin Square 


The counterbalancing solution is 
easily stated, less easily grasped. In 
essence, it dictates that rank-order posi- 
tion (first, second, . . .) must itself 
become a treatment variable. The com- 
plexity thus introduced is that con- 
tributed by an extra variable. The 
one-dimensional experiment becomes 
two-dimensional; the two-dimensional 
experiment becomes three-dimensional. 
In addition, some seemingly trouble- 
some interactions may be called forth. 
As it happens, these interactions, even 
when significant, can be dealt with rela- 
tively easily. 

The simplest Latin square in which 
‘order’ represents a dimension in the 
design involves only one experimental 
variable. A simpler version of the side- 
tone experiment described earlier will 
serve as an example. The auditory feed- 
back, at one specified level of delay, 
is to be presented against two levels of 
background noise. Each subject is to 


‘be exposed to both levels of noise; but 


the sequence to be followed is Loud- 
Soft for one half of the subjects, Soft- 
Loud for the other half. The measure 
is the number of speech blocks. The 
design could be represented as follows: 








Noise Noise 
Level 1 Level 2 
First A;O, AO, 
Treatment Group I Group II 
Second AO. AO; 
Treatment Group II Group I 














Had the experimenter a greater num- 
ber of subjects, he might perform a 
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sufficiently precise experiment with an 
independent group at each noise level 
and make a simple ¢ test to assess 
the difference between the two condi- 
tions. A more sophisticated investigator 
would recognize, however, that ad- 
ministration of both conditions to each 
subject effectively doubles the number 
of observations and makes the com- 
parison of A; against Az a comparison 
based on related measures. To the ex- 
tent of the relationship, such a design 
would permit a more precise evaluation 
of treatment differences. But the sophis- 
ticated experimenter is also aware of 
possible carry-over effects. Perhaps 
there is an adaptation effect that lessens 
the disruptive influence of delayed 
sidetone with repeated presentations 
(rank-order carry-over), that is, the 
number of speech blocks decreases with 
repeated presentations. Perhaps, also, 
the degree of adaptation under the 
sequence ‘loud background followed 
by soft background’ differs from that 
under ‘soft background followed by 
loud background’ (sequence carry- 
over). In view of these possibilities, 
order is introduced as a second factor 
in the design, and it now becomes a 
Latin square rather than a simple com- 
parison involving a ¢ test. Group I, a 
random half of the available subjects, 
takes A; (loud background) followed 
by Ae (soft background); Group II 
takes the conditions in the reverse 
order. 

The top row of the cells in the block 
diagram includes those measures ob- 
tained under the first treatment received 
by each group; the bottom row of cells 
includes measures taken under the sec- 
ond treatment. Thus, the rank-order 
carry-over about which the experi- 
menter is concerned becomes a main 


effect in the analysis. It is of little inter- 
est and is probably not tested; but it is 
isolated from effects which are of inter- 
est, and it is prevented from influencing 
the comparison of A; with Ag in either 
a biasing or random fashion. 

The interaction between order and 
treatments is evaluated by the compari- 
son of the mean of cells A,O; and A2Oz2 
combined against the mean of cells 
A2O; and A,Oz2 combined. Stated more 
simply, sequence A;—Ag is compared to 
sequence As—A;. Both treatments and 
both rank-order positions are repre- 
sented, hence a difference can reflect 
only the second of the potential carry- 
over effects, that is, the effect due to 
sequence differences. 

Since both a first and a second ad- 
ministration are represented under each 
noise level, the presence of a rank-order 
carry-over is of little consequence. If 
the adaptation after one session equals 
five fewer speech blocks, the second 
set of measures under each noise level 
will be reduced by this amount. The 
presence of a significant interaction is 
in some ways more costly, but it in no 
way invalidates the experiment. This 
outcome merely leads the experimenter 
to the conclusion that there was no 
unbiased way in which his subjects 
could be used twice and still duplicate 
the treatment differences which an 
independent-group comparison would 
have revealed. The conclusion to be 
drawn is that comparisons of treatment 
effects, in all positions but the first, are 
not to be trusted. The experimenter has 
lost his gamble to gain precision and 
must resort to the ¢ test or F test which 
involves only the means for treatments 
in the first rank-order position. But it 
has been, or usually is, a good gamble. 
The recourse to an unbiased compari- 
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son still exists in the top row of means. 
The only loss occurs in the outside 
chance that had a simple-randomized 
design been planned from the outset, 
more subjects might have been em- 
ployed. However, in most experimental 
studies the investigator will generally 
employ all of the subjects he can con- 
script or afford no matter what design 
is to be employed. Hence even this loss 
may be more apparent than real. 

The general conclusions reached in 
this simple experiment apply to studies 
of larger scope. The main effect of 
order—significant or not—can generally 
be ignored unless, of course, the experi- 
menter has some interest in it. Inter- 
action will be tested for assessment of 
the artificial sequence carry-over. Sig- 
nificance will lead to the examination 
of treatment effects as reflected in the 
first administration of each condition. 

Often the experimental conditions 
may make it quite unwise to repeat pre- 
cisely the same criterion task when the 
subjects are exposed to a second, third, 
or fourth treatment. Stutterers, for ex- 
ample, are known to exhibit fewer 
blocks on rereading a specified test pas- 
sage. A filmed test of lipreading un- 
doubtedly leaves an imprint on the 
subject which would not be erased 
were he exposed to the film a second 
time. In such instances, parallel forms 
of the criterion task are called for, usu- 
ally one for each treatment the subject 
receives. Such parallel forms can be 
effectively incorporated into the Latin 
square as a treatment variable quite anal- 
ogous to rank-order discussed above. 
Small or moderate differences in the 
difficulty of only roughl¥ equated tests 
are thus fully controlled, since each 
form, like each order,, will be equally 


represented under all treatment con- 
ditions. 

A real interaction of treatments with 
test forms represents a more serious 
difficulty, however. Such an interaction 
reflects fundamental differences be- 
tween forms—a content uniqueness 
which is brought out by the distinct 
elements in at least one pair of treat- 
ments. If such is revealed, the experi- 
menter might well consider postponing 
further investigation of his treatments 
until the most valid of his forms can 
be identified. Happily, such interactions 
are relatively rare. 

When the Latin square includes three 
or more levels of the treatment variable, 
and order is counterbalanced, the se- 
quence carry-over (order by treatment 
interaction) is in part a ‘between- 
subjects’ effect. This component is 
quantified by the mean square for 
groups. Some experimenters have in- 
terpreted this mean square as a measure 
of the ‘order effect’ and treated it as 
a main effect of the experiment. This is 
‘a natural interpretation, perhaps, since 
‘sequence’ and ‘order’ are used almost 
interchangeably in common speech. 
However, in the Latin square design, 
order and sequence mean quite different 
things. To define group differences as 
order differences is to give a new and 
confusing definition to the concept of 
order. The interaction of this ‘order’ 
variable with treatments includes a 
component which reflects precisely the 
same phenomenon that contributes to 
the main effect itself (sequence differ- 
ences). The interaction also includes a 
component reflecting rank-order differ- 
ences. Clearly, the definition of group 
differences as ‘order effects’ may en- 
gender considerable confusion in the 
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interpretation of the tests of signifi- 
cance. Experimenters who wish to 
counterbalance order should have its 
definition clearly in mind before setting 
up the analysis. 

Perhaps a more common experimen- 
tal error is to ignore entirely the effects 
of counterbalancing. Many experiment- 
ers recognize intuitively the advantages 
of counterbalancing test forms or order 
and adopt such procedures in the ad- 
ministration of the experiment. Intuition 
may not impel the experimenter to 
modify the analysis accordingly, how- 
ever. In such a case the order and form 
effects contribute heavily to the error 
variance, but do not contribute at all 
to the treatments effect. The net result 
ic a marked increase in the probability 
of retaining a false null hypothesis. 
Whenever such controls are instituted 
in an experiment, a variance component 
for the controlled effect and its inter- 
actions should always be extracted in 
the analysis of variance. Failure to ex- 
tract these components can be seri- 
ously damaging to the precision of the 
experiment. 


Confounding Test Forms 
and Rank Order 


Not infrequently, situations arise in 
which the effects of rank-order carry- 
over must be held constant, sequential 
carry-over must be investigated, and 
parallel forms must be employed. For 
example, in the delayed sidetone ex- 
periment described earlier, the investi- 
gator might deem it wise to utilize a 
parallel reading passage rather than the 
same reading passage when subjects are 
exposed to the second level of back- 
ground noise. In such a case it would 
appear that a third dimension is called 


for—a Latin square involving two levels 
of treatments, orders, and forms. Many 
experimenters have used just such a de- 
sign. However, one of the subtle as- 
pects of Latin squares which involve 
rank-order is that the forms effect can 
be simultaneously accommodated, along 
with order, within the framework of 
a two-dimensional design. This is ac- 
complished by the simple expedient of 
purposely confounding forms with 
orders. In the delayed sidetone example, 
Passage I would be consistently used 
with the first treatment received by 
each subject, be it the Loud or Soft 
noise level, while Passage II would be 
consistently used with the second. The 
row effect would now become one of 
‘Form plus Administrative Order.’ Ordi- 
narily, of course, confounding is both 
dangerous and inadvisable. But since 
neither of these main effects holds any 
intrinsic interest for the experimenter, 
their net effect is also of no conse- 
quence. 

The interaction of such a combined 
factor with treatments would also be- 
come a combined effect involving the 
interaction forms by treatments, forms 
by orders, and forms by orders by 
treatments, as well as the sequence 
carry-over effect. However, in experi- 
ments where the forms clearly involve 
similar content or demand _ identical 
skills, interactions with forms are almost 
certain to be very small or negligible. 
Thus, a significant interaction can al- 
most always be attributed to a sequence 
carry-over. Whatever its origin, an 
interaction will generally lead to exam- 
ination of the still valid simple effect 
based on the first administration of each 
treatment. As insurance against such an 
eventuality, the experimenter might 
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well use his ‘best’ form, if he can desig- 
nate one, for the first administration of 
each treatment. Then if a simple effects 
test is necessary, it will be made under 
optimal conditions. 

The confounding of forms with ad- 
ministrative orders introduces welcome 
simplifications in both the analysis and 
reporting of the experiment, although 
the legitimacy of the procedure will 
generally have to be defended at least 
briefly in the research report. In addi- 
tion, some increase in the precision of 
the experiment will be secured. Were 
forms and rank-order treated sepa- 
rately, estimates of the following effects 
would be isolated: orders, forms, orders 
by treatments, forms by treatments, 
forms by orders, and forms by orders 
by treatments. If the number of condi- 
tions exceeds two, each of these effects 
would be a ‘within’ factor or would 
have a ‘within’ component, and their de- 
grees of freedom would total (a — 1) X 
(a?—2). With forms and rank-order 
confounded, only the one main effect 
and one interaction of this combined 
factor with treatments need be ex- 
tracted, at a cost of only (a—1) (a—1) 
degrees of freedom. Since the degrees 
of freedom of the unwanted terms must 
be deducted from those for the error 
term and since the population value of 
the error variance is the same under 
both approaches, the confounding tech- 
nique, with its higher df for error, is 
more precise. In a three-level experi- 
ment this difference would be 10 de- 
grees of freedom; in a four-level experi- 
ment, 33 degrees of freedom. No loss 
of valuable information is suffered by 
the confounding and the recourse to a 


valid test of simple effects remains avail- 
able, if needed. 


Improvements in Precision Effected 
by Latin Square Designs 


The precision of an experimental de- 
sign may be evaluated in a number of 
ways. The size of the population error 
variance, the power of rejecting false 
hypotheses, and the degrees of freedom 
available for error are three indexes 
often taken to reflect precision. The 
most generally satisfactory index for 
comparing various designs, however, is 
the average size of the standard errors 
of the differences for all pairs of treat- 
ment means. (With different numbers 
of observations, the standard error 
would vary from pair to pair.) When 
the degrees of freedom for error are 
approximately equal for two designs, 
the one yielding the smaller average 
standard error will be the more precise. 
This index provides a simple basis for 
evaluating the improvement in precision 
which the Latin square attains over the 
independent-groups design which might 
otherwise be employed. 

If the Latin square involves order, 


‘forms, or the two confounded, it is 


appropriately compared to the alterna- 
tive of a simple-randomized design. 
Let o,” represent the common within- 
treatments variance, N the total number 
of subjects available, a the number of 
treatments, and n, that is N/a, the num- 
ber of subjects per treatment in the 
simple-randomized experiment. The 
average standard error of differences in 
this analysis is (20,.2/n)1/? and it is esti- 
mated by (2ms,/n)?/?. In the Latin 
square design the estimator of the aver- 
age standard error of differences, 


(2MSerror (w)/N)?/?, is probably more 
familiar to researchers than the popula- 
tion quantity it estimates. It may be 
shown (2) that the mean square for 





Feldt: Latin Square Design, Speech Research 225 


error (w) in a Latin square is an esti- 
mate of o,” (1 — p), where p is the aver- 
age correlation between all pairs of 
related measures. (In a three-level ex- 
periment, three such correlations could 
be computed for each of the three 
groups; p represents the average of the 
nine population coefficients.) Thus, the 
average standard error of differences 
would be (20.2[1—p]/N)'/*, the N 
in the denominator reflecting the fact 
that each treatment mean is based on all 
of the experimental subjects. 

The ratio of the standard error of the 
Latin square to that of the simple- 
randomized design is ({1—p]/a)*/*. 
Since the value of p in speech experi- 
ments almost always falls between .40 
and .80 and since the most common 
experimental designs include two to 
four treatment conditions, this ratio 
will generally fall between .22 and .55. 
This represents a rather startling re- 
duction in the magnitude of the stand- 
ard error, roughly 50 to 75%. Trans- 
lated into power terms, such a reduction 
would mean that if a two-treatment, 
simple-randomized experiment had 50 
chances in 100 of revealing a true differ- 
ence, the Latin square would have bet- 
ter than 94 chances in 100. If the simple 
randomized design had 80 chances in 
100 of revealing the difference, the 
Latin square would have better than 99 
chances in 100. Clearly, the Latin square 
holds great promise in increasing the 
precision of experimental comparisons. 

Often two or more experimental 
dimensions are included in the Latin 
square. For example, the experiment 
outlined earlier could include several 
delay intervals as well as several levels 
of background noise. For simplicity’s 
sake the experimenter might prefer to 
limit the design to two dimensions and 


not include order as a third. In that case 
the treatment sequence should be in- 
dependently determined for each sub- 
ject. If the basic assumptions discussed 
later are met, a valid test of the two 
main effects and their interaction could 
be made against the mean square for 


. error (w). Such a test is always valid 


regardless of the existence of rank- 
order and sequence carry-over effects. 
Independent randomization, subject by 
subject, insures that these effects will 
contribute appropriately to treatments 
effects, interaction, and error. To the 
extent, however, that such effects are 
greater than zero they reduce the pre- 
cision of the experiment. Therefore, if 
they may be anticipated before the ex- 
periment is begun, it would surely be 
wise to include order as a third dimen- 
sion. 

Because randomization always pro- 
vides a valid test, an interesting ques- 
tion arises. Suppose order has been 
counterbalanced and the experiment 
results in real order and sequence 
carry-overs. As noted above, the ex- 
perimenter will then ordinarily direct 
his attention to the simple-randomized 
design formed by the first administra- 
tion of each treatment condition. Any 
subsequent measures must be regarded 
as potentially corrupted, and he must 
resort to this less precise test. Does this 
mean he would have been better off in 
randomizing order and sequence in the 
first place? No general answer to this 
question can be phrased. Randomiza- 
tion of these effects adds error variance 
which would not have been present in 
the simple-randomized design and re- 
duces the average correlation between 
the related cells of the Latin square. 
Conceivably, these combined effects 
might render the Latin square the less 
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precise of the two designs, despite the 
fact the treatment means would be 
based on N observations in one case, 
N/a in the other. Order carry-overs 
tend to run quite large in speech and 
hearing experiments, often contributing 
a variance component well over five 
times the error variance. To randomize 
such a component and have it con- 
tribute to error would result in a less, 
rather than a more, precise experiment. 
In view of this genuine possibility, and 
the fact that the Latin square is rarely 
used when a sequence carry-over is 
expected, it appears safe to recommend 
a counterbalanced handling of treat- 
ment order. If it is so controlled or if 
it is negligible and randomized, the 
Latin square with two treatment dimen- 
sions will hold the same advantage over 
an orthodox factorial that the order by 
treatments Latin square has over the 
simple-randomized design. 


Assumptions Underlying 
the Latin Square 


The assumptions which must be met 
for a valid Latin square analysis are 
somewhat more difficult to grasp than 
those of a simple-randomized design. 
Often even sophisticated experimenters 
would not care to be pressed on the 
question of their satisfaction. This in 
part stems from the fact that the quanti- 
ties to which the assumptions apply are 
rarely computed. Hence the typical 
experimenter can get no feel for this 
aspect of his data. He cannot make the 
informal judgments of normality and 
homogeneity which are often all that 
are required in the simple-randomized 
or factorial design. Even if the essential 
quantities were computed, there is no 
statistical test in the general case to 


provide evidence that the assumptions 
are satisfied. Then, too, the growing 
literature on the relative unimportance 
of the assumptions (1) has led to a re- 
laxation of the concern which experi- 
menters once felt about small deviations 
from normality of distribution and 
homogeneity of variance. Because of 
these considerations, the typical re- 
search report usually avoids all mention 
of this topic. 

If the cells of the Latin square are 
rearranged so that those of a single 
group of subjects fall side by side, the 
design resembles a series of simple ‘re- 
peated measures’ experiments as indi- 
cated below, each by itself a treatments- 
by-subjects design. 











Group I A.B: A:B, AsBs 
Group II AB; A;B: ABs 
Group III A:B: A.B, A:Bs 

















‘The assumptions in the Latin square are 
precisely the same as those in this 
simpler type of design. That is, within 
each group and from one group to an- 
other the treatment-by-subject inter- 
action effects must constitute independ- 
ent random samples from normally dis- 
tributed, equally variable populations of 
such effects. 

The assumption of randomness is 
fully met whenever the entire group of 
experimental subjects has been chosen 
at random from the parent population 
of interest and subdivided randomly to 
meet the demands of the square. The 
tenability of this assumption is generally 
quite clear-cut, and hence needs little 
discussion here. Deviations from homo- 
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geneity are considerably harder to as- 
certain. As noted above, there is no 
overall test applicable beyond the three- 
level experiment which will provide 
statistical evidence on the tenability of 
the assumption of homogeneity of vari- 
ance. The components of error which 
are pooled within any given group can- 
not be separated so as to meet the re- 
quirements of available variance tests. 
However, it is possible to make a valid 
partial assessment with respect to those 
elements which are pooled from the 
independent groups. This is accom- 
plished by the computation of a sepa- 
rate mean square for treatments-by- 
subjects interaction for each group. 
These estimates may then be tested for 
homogeneity by the Bartlett test or any 
of the other tests derived for this 
hypothesis. 

Deviation from normality also pre- 
sents a problem. It could be assessed by 
available goodness-of-fit tests applied to 
the computed interaction effects in each 
cell. However, there is no valid way 
to combine the results of these tests, 
since they are not independent, and 
repeated tests increase the likelihood of 
at least one significant result. Of course, 
if all tests proved nonsignificant, this 
would suggest the assumption is prob- 
ably sufficiently satisfied. Certainly a 
large component of the interaction 
variance is due to errors of observation 
or measurement, and these are usually 
found to be approximately normal in 
distribution. The larger the correlation 
between cells, the greater the propor- 
tion this component will represent. If 
informal inspection of these distribu- 
tions indicates no gross asymmetry 
exists, it seems reasonable to expect 
that the validity of the F test will not 
be seriously impaired. 


These assumptions might be clarified, 
in the minds of some experimenters, if 
they were related back to independent 
group designs. Let it be assumed that 
the Latin square experiment could have 
been validly run and analyzed as a 
simple-randomized or a simple two- 
dimensional factorial design. That is, let 
it be assumed that homogeneity of vari- 
ance and normality of distribution exist 
throughout all treatment combinations. 
It then follows that the assumptions of 
the Latin square analysis also will be 
satisfied if one additional condition is 
met: the relationship between any two 
sets of related measures must be linear 
and equal throughout the design. (In 
the diagram noted above, there would 
be nine product-movement coefficients: 
cell A,B, against cell AsBo, A,B, against 
A3Bs3, A2Be against AsBs, and so on for 
the other two groups.) So stated, the 
assumptions are slightly more restric- 
tive than they actually are. It is possible 
that compensating heterogeneity among 
the cell variances and among the inter- 
cell correlations could result in satisfac- 
tion of assumptions. However, such 
offsetting irregularities are probably 
quite rare. 

If the same or equally reliable test 
forms or measurements are used with 
each group and the correlation between 
cells is primarily depressed by test un- 
reliability (errors of measurement), 
there seems little reason why approxi- 
mate equality should not generally hold 
in these correlations. A prime factor 
leading to inequality, however, is any 
gross difference in the time interval 
between measures. Since correlations 
tend to vary inversely with the time 
between measures, homogeneity of re- 
gression will be more nearly approached 
when the measurements on each subject 
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are taken within a short interval of 
time. 

By considering within-cell variances 
and between-cells correlations, the ex- 
perimenter may form at least a subjec- 
tive judgment of the homogeneity of 
interaction-effect variance. Reasonably 
similar values should be sufficient evi- 
dence upon which to proceed with the 
analysis. Where the variances are 
homogeneous but correlations quite 
variable, a positive bias has been shown 
for the F test (2, 3). That is, there is 
a tendency for the mean square ratio 
to exceed the nominal 5 and 1% F 
values too often. In such a situation the 
experimenter might well compute in- 
dividual interaction effects and the 
variance of these effects, cell by cell. 
The amount of heterogeneity revealed 
by these estimates might then be re- 
ferred to the Norton findings (4) for 
at least a rough indication of how the 
significance level should be modified. 

The foregoing discussion has been 
concerned with the assumptions dic- 
tated by the mathematical model under- 
lying the analysis. Probably more im- 
portant insofar as the interpretation of 
the experimental results are concerned 
are the assumptions concerning se- 
quence and order carry-over effects. If 
these are inappropriately handled and 
allowed to bias treatment comparisons, 
a mathematically valid but experimen- 
tally invalid analysis can result. Clearly, 
trustworthy interpretations are as con- 
tingent upon the adequate handling of 
both types of carry-over as upon ap- 
proximate satisfaction of the mathe- 
matical requirements of the F tests. 


Summary 


The purpose is to consider the nature 
of the Latin square design, the assump- 


tions which underlie it, and its advan- 
tages and limitations in speech and 
hearing research. Among the wide 
variety of experimental conditions in- 
vestigated in speech and hearing re- 
search, many meet the basic require- 
ments of the Latin square design. 
Whenever consecutive administration 
of treatments is experimentally feasible, 
marked increases in experimental pre- 
cision can be obtained through this de- 
sign. The danger of order and sequence 
carry-overs from one treatment to an- 
other is quite real, however. Therefore, 
the inclusion of order as an experimen- 
tal variable is generally advisable. 
Where the effects of consecutive ad- 
ministration accumulate in a simple 
way common to all treatments, data 
from the complete square may be uti- 
lized to increase precision. Where se- 
quential differences arise, a valid test of 
treatments effects may still be made 
using part of the data. The assumptions 
are closely related to the simple- 
randomized and factorial analyses, and 
the effects of deviations from normality 


“and homogeneity may be inferred from 


research on these analyses. 
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The Conditioned GSR Auditory Speech Threshold 


JOSEPH B. CHAIKLIN 


The galvanic skin response (GSR) is 
an autonomic nervous system reaction 
that consists of a lowering of the elec- 
trical resistance of the skin in response 
to various types of stimulation. Loud 
sounds, painful or annoying stimuli, 
motor movements, and internal stimuli 
are among the events capable of elicit- 
ing the GSR. For the last 50 years the 
GSR has been used in many types of 
psychological research, but only for 
the past 10 years has it been employed 
in a conditioning procedure designed 
to measure auditory thresholds in sub- 
jects who cannot or will not cooper- 
ate in standard tests of hearing acuity 
(3,5,17). In this procedure the sub- 
ject is connected into an electric cir- 
cuit that detects changes in the resist- 
ance of his skin to the passage of a 
weak electric current (Féré effect). 
The skin resistance changes are ampli- 
fied and recorded by a graphic re- 
corder, thus providing a permanent 
record for objective analysis of the 
subject’s responses to stimuli. 

During conditioning, the GSR serves 
as the conditioned response (the re- 
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sponse to be conditioned), a pure tone 
serves as the conditioned stimulus (the 
stimulus that does not elicit the GSR 
reliably prior to conditioning), and an 
unpleasant shock serves as the uncon- 
ditioned stimulus (the stimulus that 
elicits the GSR reliably before condi- 
tioning). Reinforced pure tones (tone 
followed by shock) and unreinforced 
pure tones (tone alone) are presented 
on a schedule until the unreinforced 
tones elicit the GSR reliably in accord- 
ance with a predetermined condition- 
ing criterion. Once conditioning has 
been established, intensity generaliza- 
tion enables the tester to assess thresh- 
old by presentation of the conditioned 
stimulus at varying intensity levels. 
Generalization to tones of different 
frequencies facilitates threshold assess- 
ment throughout the frequency range 
measured clinically. 

Relatively little attention has been 
directed to the use of speech stimuli 
in GSR audiometry. Knapp and Gold 
(11) reported using a speech signal as 
an unconditioned stimulus in a GSR 
screening technique for the diagnosis 
of functional hearing loss. Their meth- 
odology did not permit systematic 
threshold measurement since it did not 
employ conditioning procedures. Ruhm 
and Carhart (15) recently described 
a conditioned GSR technique for ob- 
jective speech audiometry. Their 
methodology involved establishing a 
conditioned discrimination of a key 
spondaic word presented in sequence 
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Ficure 1. Block diagram of experimental arrangements. 


among other spondaic words. This was 
accomplished by reinforcing (with 
shock) only the key word. The elec- 
trodermal speech threshold was defined 
as the lowest hearing level producing 
an increase in the magnitude of re- 
sponse to the key-word presentations. 
The rationale for their technique was 
that so long as the key word was in-* 
telligible to the subject a differential 
in magnitude of response would be pro- 
duced. They found that the electro- 
dermal speech threshold was highly cor- 
related with independently measured 
live-voice speech reception thresholds. 
The conditioning procedure em- 
ployed in the present study was not 
designed to induce a differential re- 
sponse at a specific threshold level as 
was the intention in the Ruhm-Carhart 
research. It was intended, rather, to as- 
sess the relative hearing level at which 
subjects would produce GSRs to a 
speech stimulus after conditioning was 
established at a suprathreshold “lovel. 
This response was designated as the 
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conditioned GSR _ auditory speech 
threshold. The speech signal used as 
the unconditioned stimulus in this ex- 
periment was the tape-recorded sen- 
tence, ‘Now you hear me,’ which was 
spliced into specially prepared tape 
loops. 


Procedure 


Purpose. The primary purpose of 
this study was to investigate the rela- 
tionships between the conditioned GSR 
auditory speech threshold and the fol- 
lowing voluntary auditory speech 
thresholds: (a) speech detection thresh- 
old (SDT), (b) threshold of percepti- 
bility for running speech (TPRS), and 
(c) speech reception threshold for CID 
W-1 spondaic words (SRT W-1). 


Subjects. The subjects were 16 males 
and 14 females who ranged from 23 to 
51 years of age with a mean age of 32 
years and a median age of 30 years. To 
be included in the study asubject had to 
satisfy the following criteria: (a) must 
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have no known pathology and no great- 
er than a 10-db hearing loss at 500, 
1000, or 2000 cps in one ear; (b) must 
use American English as a first lan- 
guage, and (c) must be able to meet the 
conditioning criterion for the GSR test. 


Equipment. All tests were conducted 
at the Audiology and Speech Correc- 
tion Clinic of the Veterans Administra- 
tion Hospital in San Francisco. The 
basic test instruments were an Allison 
Laboratories diagnostic audiometer 
(Model 20-A) equipped with Tele- 
phonics Corporation 10-ohm dynamic 
earphones (Model TDH39), a Grason- 
Stadler psychogalvanometer (Model 
E-664), an Ampex tape recorder 
(Model 350P), and a _ tuned-circuit 
stimulus keying system. A 10-db non- 
reactive T-pad was inserted into the 
line leading to the test earphone to per- 
mit threshold assessment in subjects 
with acute hearing. The audiometer 
was checked periodically (1) with an 
Allison Audiometer Calibration Unit 
(Model 300). During test procedures 
subjects were seated in an Industrial 
Acoustics Company Audiometric Test- 
ing Room (Model 402). The test equip- 
ment and the experimenter were lo- 
cated outside the test room. Figure 1 
contains a block diagram of the equip- 
ment as it was arranged during the ex- 
periment. 


Stimulus Materials. All speech stim- 
uli were recorded at 7.5 inches per 
second on the Ampex tape recorder 
with an Electro-Voice Slimair high- 
impedance dynamic microphone (Mod- 
el EV 636) serving as the input source. 

The stimulus material for TPRS and 
SDT was a five-minute prose record- 
ing on the subject of ancient history. 
It was recorded so that most of the 


material peaked at zéro VU during 
playback. The material was recorded 
twice in succession so that 10 minutes 
of continuous running speech was 
available during speech audiometry. 
Lists A, B, and C of the 36 Central 
Institute for the Deaf (CID) W-1 spon- 
daic words (8) served as the stimulus 
materials for SRT W-1. They were 
recorded following the running speech 
section of the stimulus tape. The car- 
rier phrase, ‘Say the word,’ preceded 
each spondaic word and a five-second 
pause occurred between each word and 
the start of the next carrier phrase. 
The sentence, ‘Now you hear me,’ 
served as the conditioned stimulus dur- 
ing GSR audiometry. From a popula- 
tion of 20 tape-recorded conditioned 
stimuli two equated stimuli were se- 
lected for use in stimulus tape loops. 
These loops had the following basic 
components: (a) a piece of magnetic 
recording tape containing the condi- 
tioned stimulus, (b) a small piece of 
recording tape containing an inaudible 
12000-cps tone, and (c) a piece of 
leader and timing tape to complete the 
loop. The 12000-cps keying signal was 
spliced into the loop preceding the con- 
ditioned stimulus section. The tape 
loops described above were used in an 
electronic stimulation circuit that uti- 
lized the stimulation circuit of the Gra- 
son-Stadler psychogalvanometer, the 
remote control facilities of the Ampex 
tape recorder, and the tuned circuit 
keying system which operated the stop 
circuit of the tape transport. The key- 
ing system, tuned to 12000 cycles, re- 
jected all other signals. During the 
GSR test a tape loop was drawn over 
the head assembly of the tape recorder 
each time the stimulation circuit was 
closed. When the keying signal reached 
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the playback head the stop circuit of 
the tape transport was activated. The 
conditioned stimulus was located imme- 
diately after the keying signal, hence 
the tape loop was in position for the 
next stimulation sequence. Two equated 
loops were used to guard against ex- 
cessive wear on the conditioned stimu- 
lus. The plastic take-up and rewind 
reels of the tape recorder were immo- 
bilized by a metal rod hooked over the 
edge of each reel’s outer rim. 


Grouping and Order Procedure. The 
plan of the study called for the ad- 
ministration of five tests (including 
pure-tone audiometry) of different 
lengths over a long testing session. To 
control possible fatigue and order 
effects inherent in a long testing ses- 
sion, the subjects were divided into two 
groups (A and B), the tests were 
arranged in different orders, and a rest 
period was given. The longest test was 
the GSR test. In some cases it re- 
quired an hour. The next longest test 
(SRT W-1) was about 15 minutes long 


and the other tests required from 5 to 


10 minutes each. The subjects of Group 
A received the GSR test early in the 
testing session (after SRT W-1) and 
the subjects of Group B received the 
GSR test after all other tests had been 
completed. Since SRT W-1 served as 
the reference threshold for GSR con- 
ditioning, its position in the test se- 
quence could not be varied beyond set 
limits. It always preceded the GSR 
test. For Group A, therefore, SRT 
W-1 was always the first test and in 
Group B SRT W-1 was always the 
last test before the concluding GSR 
test. The remaining tests-SDT, TPRS, 
and pure-tone audiometry—were ar- 
ranged in six permutations. Five sub- 


jects were assigned to each permuta- 
tion in such a fashion that the subjects 
from both groups were evenly balanced 
among the permutations. 


Threshold Determination. When a 
subject reported for his appointment 
he was told that he was going to have 
a number of hearing tests and that 
questions about the object of the study 
would be answered at the conclusion 
of testing. Written instructions were 
used and each test was administered in 
the same way for all subjects. SDT, 
TPRS, and SRT W-1 were measured 
in 2-db steps but the limitations of GSR 
audiometry necessitated sampling in 
5-db steps. 

SDT. The lowest hearing level at 
which a subject indicated that he heard 
speech sounds continuously for five 
seconds was his SDT. He did not have 
to understand the speech he heard. The 
experimenter adjusted the signal in- 
tensity in an ascending fashion and the 
subject used a finger signal to indicate 
when he heard speech sounds. 


TPRS. The determination of TPRS 
involved finding the lowest hearing 
level at which a subject reported that 
he was barely able.to understand the 
running speech presented to him. A 
descending technique was used for 
TPRS measurement. 


SRT W-1. A subject's SRT W-1 
was the lowest hearing level at which 
he repeated correctly three out of six 
(that is, 50%) of the tape-recorded 
spondaic words presented to him. Three 
estimates were made of each of the 
voluntary speech thresholds and the 
median of the three scores was used 
as the final threshold estimate. A more 
detailed description of the procedures 
employed in measuring SDT, TPRS, 
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and SRT W-1 may be found in another 
article (4). 

GSR Audiometry. The GSR test in- 
volved the use of a conditioning sched- 
ule employing 40 events randomly ar- 
ranged for hearing level and interval 
between events. Written instructions 
were provided to the subject prior to 
the GSR test. Before conditioning 
started the unconditioned stimulus was 
adjusted by discrete-step increments 
until the subject reported that the 
shock level was ‘distinctly unpleasant’ 
and that he would not want it stronger. 
After the shock was adjusted the ear- 
phones were positioned and the con- 
ditioning procedure was started. The 
reference level during conditioning 
was SRT W-1 rounded to the nearest 
5-db interval. The conditioned stimu- 
lus was presented at hearing levels of 
5 db, 10 db, and 20 db above the 
rounded SRT W-1.1 When the condi- 
tioning schedule called for a reinforced 
presentation of the conditioned stimu- 
lus, the interval between the onset of 
the conditioned stimulus and the on- 
set of the unconditioned stimulus was 
5 second (13,18) continuing to the 
end of the conditioned stimulus (2). 
The conditioned stimulus was approxi- 
mately one second long. Three intervals 
were used between events during con- 
ditioning. Thirty seconds was the 
shortest interval, 90 seconds the long- 
est, and 45 seconds an intermediate in- 
terval (10, 16). Forty per cent partial, 
random reinforcement was used during 
conditioning and sampling (7, 9, 12). 
A subject was judged to be conditioned 
when he produced three successive re- 
sponses to conditioned stimuli after the 

*A variable-intensity conditioned stimulus 


was selected on an arbitrary basis, but a fixed 
level might have served equally well. 


fifth event of the schedule had been 
presented. Waiting until after the fifth 
event served to protect against pre- 
mature judgment of conditioning on 
the basis of unconditioned responses. 
Latencies (judged from onset of the 
conditioned stimulus) of one to four 
seconds and magnitudes one millimeter 
or greater were used as GSR response 
criteria in the conditioning process and 
in analysis of the sampling records. If 
the conditioning criterion was not met 
in 30 minutes the subject was dismissed 
from further testing. 

Once the conditioning criterion had 
been met a five-minute break occurred 
before the start of the sampling sched- 
ule. The sampling schedule used the 
same reference level and intervals that 
had been employed in the conditioning 
schedule. Hearing levels of 5 and 10 
db above and below and at the rounded 
SRT W-1 were sampled. Each of the 
five hearing levels was sampled five 
times during the course of the 30-min- 
ute sampling procedure. The sampling 
schedule events were counterbalanced 
so that the five hearing levels were 
sampled at points distributed through- 
out the length of the test. Five control 
presentations, each consisting of a sim- 
ulated conditioned stimulus presenta- 
tion, appeared at specified times in the 
sampling schedule. An interrupter key 
opened the circuit to the test earphone 
during control presentations. This pre- 
vented the stimulus from reaching the 
subject but a marker appeared on the 
graphic record making it appear as if 
the subject had received a conditioned 
stimulus. The control presentations 
were used as an internal check on the 
validity of the graphic records. If a 
subject gave acceptable random re- 
sponses to two or more of the control 
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Tasre 1. Means and standard deviations for 
speech detection threshold (SDT), speech 
reception threshold (SRT W-1), threshold 
of perceptibility for running speech (TPRS), 
and conditioned GSR auditory speech thresh- 
old (GSR), N=30. 











Measure Mean* Standard Deviation 
(db) 

SDT 16.47 3.45 

SRT W-1 25.47 3.85 

TPRS 28.93 3.00 

GSR 22.83 3.80 








*Mean threshold values re 0.0002 dyne/cm’. 


presentations his sampling record was 
discarded. Only one subject was dis- 
carded for this reason. 

Analysis of GSR Sampling Records. 
After the GSR graphic records had 
been screened by the experimenter to 
eliminate those that were invalid, they 
were assigned arbitrary code numbers. 
The sampling portions of the records 
were analyzed by three trained judges. 
The records had on them only num- 
bered events and no information relat- 
ing to the hearing levels at which stim- 
uli were presented. The judges re- 


corded their analyses of the numbered - 


events on prepared data sheets. The ex- 
perimenter collated their analyses and 
was able to determine the threshold 
hearing level through use of a prepared 
key. The GSR threshold was the lowest 
hearing level at which there was ma- 
jority agreement that the subject re- 
sponded satisfactorily on three out of 
five presentations of the conditioned 
stimulus. 


Results 


Table 1 summarizes the mean thresh- 
old values and standard deviations for 
each of the thresholds under study. All 
thresholds are stated in reference to 
0.0002 dyne/cm?. The mean SDT was 


16.47 db; the mean SRT W-1 was 
25.47 db, 9 db higher than SDT; the 
mean TPRS was 28.93 db, 3.46 db high- 
er than SRT W-1; and the mean GSR 
threshold was 22.83 db. 

Table 2 summarizes the results of 
t tests and Pearson product-moment 
correlations for the comparisons be- 
tween the GSR threshold and the other 
thresholds (6). An inspection of Table 
2 reveals that the GSR threshold was 
significantly different from each of the 
other thresholds with values of t beyond 
the .001 level of significance. The GSR 
threshold was not significantly corre- 
lated with TPRS (r = .21) and it had 
low positive correlations with SDT 
(r = 47) and SRT W-1 (r = .50), 
both significant at or beyond the .01 
level. It should be noted that the cor- 
relation coefficients must be viewed as 
merely suggestive since the range of 
performance during GSR audiometry 
was necessarily limited by the use of 
5-db steps and by the normal hearing 
acuity of the subjects. 

It was observed that the GSR thresh- 
old had a range of response from ap- 
proximately 9 db below SRT W-1 to 


Taste 2. Results of the ¢ test for related 
measures and Pearson product-moment cor- 
relation coefficients for the intertest com- 
parisons. 











Test Mean Diff. S.E. Diff. t Lae 
pol ae 6.36 69 9.22* 477 
paladin ME 
a pret 6.10 80 7.62" 214+ 








*Significant beyond .001 level. 
{Significant at .01 level. 

**Significant beyond .01 level. 
TtNot significant -t .05 level. 





_—o tt. 2 |} ae See Bee pe eek Coa 





Chaiklin: Conditioned Speech Threshold 235 


approximately 4 db above SRT W-1. 
No subject’s GSR threshold was higher 
than 4 db above his SRT W-1. Analysis 
of the mean test differences between 
groups A and B revealed values of t 
not significant at the .05 level, indicat- 
ing that order and fatigue effects did 
not contribute significantly to test dif- 
ferences. In clinical application of the 
GSR technique described in this article 
one would expect the majority of sub- 
jects to have GSR thresholds within 
+5 db of SRT W-1 with a lesser num- 
ber responding at lower levels. 


Discussion 

For most subjects GSR sampling did 
not go below SDT and for some (seven 
in all) the lowest hearing level sampled 
was slightly above SDT. This occurred 
because GSR sampling went only 10 db 
below SRT W-1 while SDT was some- 
times more than 10 db below SRT W-1. 
Despite this sampling limitation it is 
not likely that a significant number of 
subjects would have responded below 
SDT. This is borne out by the fact 
that of the 23 subjects for whom GSR 
sampling was 2 db above to 9 db below 
SDT only three had GSR thresholds 
within 1 db above SDT. 

If the GSR threshold criterion were 
shifted from three out of five acceptable 
responses to two out of five, then eight 
subjects rather than three would have 
had GSR thresholds at the lowest hear- 
ing level sampled. One of the five sub- 
jects under the two-response-threshold 
criterion would have had a GSR thresh- 
old 4 db below his SDT and the other 
four would have had GSR thresholds 
2 to 4 db above SDT. 

It is apparent that the effects of stim- 
ulus intensity generalization were strong 
in the GSR sampling process, especially 


when one considers the fact that all 
reinforcement was at levels where the 
conditioned stimulus was clearly intel- 
ligible. Yet some subjects produced 
acceptable GSRs at levels where the 
conditioned stimulus was not intelligible 
to them. These generalization effects 
would have to be recognized in any 
clinical application of the GSR tech- 
nique described in this article. 

An analysis of the mean number of 
responses at each sampling level sug- 
gests that some form of intensity dyna- 
mism operated in response determina- 
tion. At 10 db below SRT W-1 the 
mean number of responses was .90. At 
5 db below SRT W-1 the mean number 
of responses rose to 2.67. At SRT W-1 
the mean number of responses was 3.67 
and at 5 and 10 db above SRT W-1 the 
mean number of responses was 4.77 and 
4.60, respectively. The increase in re- 
sponse frequency appears to be nega- 
tively accelerated, with maximum re- 
sponse occurring once SRT W-1 is 
passed. 

An incidental finding was that fe- 
males appeared more difficult to condi- 
tion than males. Of the 28 female sub- 
jects who took the GSR test 50% (14 
subjects) met the conditioning criterion 
while 89% (16 subjects) of 18 males 
tested met the conditioning criterion. 
A similar sex differential was recently 
reported by Rosenbliit, Bilger, and 
Goldstein (14). 


Summary 


Sixteen male and 14 female subjects 
with normal hearing were conditioned 
to produce GSRs to a conditioned stim- 
ulus consisting of the tape-recorded sen- 
tence ‘Now you hear me.’ After con- 
ditioning was established, threshold was 
assessed by systematic sampling with 
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the conditioned stimulus. The lowest 
hearing level at which three GSRs were 
elicited in five presentations was desig- 
nated the conditioned GSR auditory 
speech threshold (GSR threshold). 
Speech detection threshold (SDT), 
speech reception threshold for CID 
W-1 spondaic words (SRT W-1), and 
threshold of perceptibility for running 
speech (TPRS) were measured as part 
of the experimental procedure. 

Statistical comparisons between the 
GSR threshold and each of the other 
thresholds revealed significant differ- 
ences (values of t beyond the .001 
level) and low positive correlations 
(GSR-TPRS = .21, GSR-SDT = .47, 
GSR-SRT W-1 = .50) for all com- 
parisons. Even though all reinforcement 
was at levels above threshold of intelli- 
gibility, the effects of intensity general- 
ization were sufficiently strong to cause 
some subjects to produce GSRs at levels 
where the conditioned stimulus was not 
intelligible to them. The majority of 
subjects had GSR thresholds within 
+5 db of SRT W-1. The effects of 
generalization, however, would have to 
be recognized in any clinical applica- 
tion of the GSR procedures employed 
in this study. An incidental finding was 
that women appeared more difficult to 
condition than men. 


References 


1. American STANDARDS ASSOCIATION, Amer- 
ican standard specification for speech 
audiometers. Report Z24.13-1953, Section 
3.12. 

2. Birrerman, M. E., Reep, P., and Kraus- 
Kopr, J., The effect of the duration of the 
unconditioned stimulus upon condition- 
ing and extinction. Amer. J. Psychol., 65, 
1952, 256-262. 

3. Borptey, J. E., and Harpy, W. G. A 
study in objective audiometry with the 
use of a psychogalvanometric response. 


15. 


16. 


18. 


Ann. Otol. Rhinol. Laryngol., 58, 1949, 
751-760. 


. Coan, J. B. The relation among 


three selected auditory speech thresholds. 
J. Speech Hearing Res., 2, 1959, 237-243. 


. Dorrrier, L. G., and McCture, Catu- 


ERINE T., The measurement of hearing 
loss in adults by galvanic skin response. 
J. Speech Hearing Dis., 19, 1954, 184-189. 


. Epwarps, A. L., Statistical Analysis. New 


York: Rinehart, 1946. 


. Grant, D. A., Meyer, D. R., and Haxe, 


H. W., Proportional reinforcement and 
extinction of the conditioned GSR. J. 
gen. Psychol., 42, 1950, 97-101. 


. Hirsu, I. J., Davis, H., Strverman, S. R., 


Reynotps, ExizasetH G., Expert, Eviza- 
BETH, and Benson, R. W., Development 
of materials for speech audiometry. J. 
Speech Hearing Dis. 17, 1952, 321-337. 


. Humpureys, L. G., Extinction of con- 


ditioned psychogalvanic responses fol- 
lowing two conditions of reinforcement. 
J. exp. Psychol., 27, 1940, 71-75. 


. Kimste, G. A., Conditioning as a func- 


tion of the time between conditioned 
and unconditioned stimuli. J. exp. Psy- 
chol., 37, 1947, 1-15. 


. Knapp, P. H., and Gorn, B. H., The gal- 


vanic skin response and diagnosis of hear- 
ing disorders. Psychosom. Med., 12, 1950, 
6-22. 


. Mertrser, C. L., and Doerrter, L. G., 


The conditioned galvanic skin response 
under two modes of reinforcement. J. 
Speech Hearing Dis., 19, 1954, 350-359. 


. Moetter, G., The CS-UCS interval in 


GSR conditioning. J. exp. Psychol., 48, 
1954, 162-166. 


. Rosensiit, B., Bircer, R. C., and Goxp- 


sTEIN, R., Electrophysiologic responses to 
sound as a function of intensity, EEG 
pattern and sex. J. Speech Hearing Res., 
2, 1959, 28-39. 

Rus, H. B., and Carnart, R., Objective 
speech audiometry: A new method based 
on electrodermal response. J. Speech 
Hearing Res., 1, 1958, 169-178. 

Spence, K. W., and Norris, Evcenta B., 
Eyelid conditioning as a function of the 
inter-trial interval. J. exp. Psychol., 40, 
1950, 716-720. 


. Srewart, K. C., Some basic considera- 


tions in applying the GSR technique to 


the measurement of auditory sensitivity. 


J. Speech Hearing Dis., 19, 1954, 174-183. 
White, C. T., and Scurossere, H., De- 
gree of conditioning of the GSR as a 
function of the period of delay. J. exp. 
Psychol., 43, 1952, 357-362. 





th 





ihre” er aa e 


The Relation Among Three Selected 
Auditory Speech Thresholds 


JOSEPH B. CHAIKLIN 


Speech audiometry embraces the clini- 
cal procedures used in measuring audi- 
tory response to speech stimuli. Speech 
reception threshold (or threshold of 
intelligibility) and speech sound dis- 
crimination are the stimulus dimensions 
assessed most frequently in clinical 
practice. Speech reception threshold 
(SRT) is usually defined as the lowest 
hearing level at which a person repeats 
correctly 50% of the spondaic words 
heard by him. Speech sound discrimina- 
tion (intelligibility function) is usually 
measured with lists of monosyllabic 
words phonetically balanced to include 
speech sounds in their approximate fre- 
quency of occurrence in daily conver- 
sation. The words are presented 30 to 
40 db above SRT and the person under 
test says or writes the words as he hears 
them. The history of the development 
of SRT and intelligibility tests is well- 
documented elsewhere (2, 6, 8, 9, 10). 
The spondaic words of CID (Central 
Institute for the Deaf) Auditory Test 
W-1 and the phonetically balanced 
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words of CID Auditory Test W-22 are 
the test materials in widest use at this 
time (9). 

In some instances speech audiometry 
includes measures that employ running 
speech (or connected discourse) as a 
stimulus. The thresholds of detectabil- 
ity, perceptibility, and intelligibility de- 
scribed by Egan (6) employ running 
speech as a stimulus. Thresholds of 
comfort and discomfort for speech are 
frequently included in speech audiom- 
etry as indexes of recruitment (//). 

The published reports relating to 
speech thresholds provide rather in- 
complete data, particularly for the 
thresholds of detectability and percepti- 
bility described by Egan. Thurlow and 
others (13) found threshold of detecta- 
bility was 9 db lower than threshold for 
Psycho-Acoustics Laboratory (PAL) 
Auditory Test Number 9 (spondaic 
words) when they used 14 normal ears, 
but only 5.05 db lower for 237 hard-of- 
hearing ears. Hirsh (8) reported that 
the threshold of detectability for speech 
has a mean value of about 15 db and 
SRT for spondaic words (unspecified) 
is approximately 25 db (both re 0.0002 
dyne/cm?). Preliminary work at the 
Central Institute for the Deaf (9) indi- 
cated an approximate threshold of 21 db 
(re 0.0002 dyne/cm?) for CID Audi- 
tory Test W-1 with inexperienced 
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normal-hearing listeners. Corso (4) later 
established a threshold of 18.55 db (re 
0.0002 dyne/cm?) for CID Auditory 
Test W-2 using 278 normal ears. 

Falconer and Davis (7) studied the 
threshold of intelligibility for connected 
discourse (TICD) as a possible clinical 
tool for quick assessment of threshold 
for speech stimuli. They used a record- 
ing of Fulton Lewis, Jr., as a stimulus 
passage and for 50 normal ears found 
a mean TICD of 23.23 db (re 0.0002 
dyne/cm?), in comparison with a mean 
threshold of 22.46 db (re 0.0002 dyne/ 
cm’) for Auditory Test Number 9. 
They concluded that TICD, as admin- 
istered in their study, is a reliable and 
valid threshold test. 


The purpose of the present study was 
to investigate on an exploratory basis 
the relationships among speech recep- 
tion threshold for CID W-1 spondaic 
words (SRT W-1), speech detection 
threshold (SDT), and threshold of per- 
ceptibility for running speech (TPRS). 


Procedure 


Subjects. The subjects were 16 males 
and 14 females who ranged from 23 to 
51 years of age with a mean age of 
30 years, spoke American English as a 
first language, and had at least one ear 
with pure-tone thresholds at 500, 1000, 
and 2000 cps no higher than the 10-db 
hearing level. 


Equipment. The basic test instrument 
was an Allison Laboratories diagnostic 
audiometer (Model 20A) equipped with 
Telephonics Corporation 10-ohm dy- 
namic earphones (Model TDH 39). 
Speech stimuli were recorded and 
played back on an Ampex Corporation 
tape recorder (Model 350 P). The 


equipment has been described in greater 
detail in another article (3). 


Calibration Checks. Calibration checks 
of the Allison audiometer speech cir- 
cuit were performed periodically (1) 
with an Ailison Laboratories Audiom- 
eter calibration unit (Model 300). The 
sound pressure output at the earphone 
was 24 db (re 0.0002 dyne/cm*) when 
a 1000-cps tone was set at zero VU on 
the Allison audiometer VU meter and 
the hearing loss dial was set at 0 db. 
During all threshold measurements an 
additional 10 db of attenuation was in- 
serted into the test earphone line by 
means of a nonreactive T-pad. This 
was necessary to provide an adequate 
range of attenuation below normal 
threshold for spondaic words. 


Stimulus Materials. The same speaker 
(the experimenter) recorded all stimu- 
lus materials. The stimulus material for 
SDT and TPRS was a tape-recorded 
prose selection concerning ancient his- 
tory. The running speech (connected 
discourse) script, which took five min- 
utes to read, was read twice in succes- 
sion providing 10 minutes of uninter- 
rupted stimulus material. The script 
was read in such a fashion that most 
of the material peaked at zero VU. Lists 
A, B, and C of the 36 CID W-1 spon- 
daic words (9) served as the stimulus 
materials for SRT W-1. They were 
recorded following the recording of 
the running speech section of the stimu- 
lus tape. The carrier phrase, ‘Say the 
word,’ peaked at zero VU, preceded 
each spondaic word. No special effort 
was made to peak the spondaic words 
at zero VU. A five-second interval 
elapsed between each spondaic word 
and the start of the succeeding carrier 
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phrase. The sustained vowel [a] was 
recorded at zero VU at the start of the 
stimulus tape for use in adjusting input 
level at the start of each testing session. 
A single setting brought the carrier 
phrases and most of running speech to 
zero VU. 


Threshold Assessment. The thresh- 
old tests used in this study were admin- 
istered in the same fashion for all sub- 
jects. To control possible systematic 
order and fatigue effects a counterbal- 
anced design was used. The counter- 
balancing procedure has been described 
previously (3). Three trials were made 
for each of the thresholds under study 
and the median of the trials was used 
as the final threshold estimate. Written 
instructions were employed which the 
experimenter read to the subject after 
the subject had read them to himself. 
The right ear was tested unless the sub- 
ject reported, during routine question- 
ing, that his left ear was his better ear. 


The following instructions were used 
for SDT: 


Each time you hear something which 
sounds like speech, signal by raising your 
right index finger. Keep your finger raised 
as long as you hear something which 
sounds like speech. You do not have to 
understand the speech which you hear, but 
you should recognize the sounds as being 
speech—that is, the sound of someone 
talking. We will make several trials for 
this measurement. Be certain to put your 
finger down when you are not hearing 
something which sounds like speech. 


At the start of each SDT trial the 
running speech stimulus was fully at- 
tenuated. The signal was increased in 
2-db steps with five seconds of stimu- 
lation at each step. If the subject did not 
respond after five seconds the next 
higher step was tried. This procedure 
continued up to the level where the 


subject signalled properly for threshold 
determination. For each trial SDT was 
judged to be the lowest hearing level 
at which a subject indicated that he 
heard speech sounds continuously for 
five seconds. A five-second criterion 
for threshold estimate was used in an 
attempt to reduce the number of un- 
reliable threshold estimates resulting 
from momentary reactions to stimulus 
intensity peaks not representative of 
the average intensity level of the speech 
stimulus. 


The following instructions were used 
for TPRS: 


You are going to hear a recording of a 
man talking. The loudness of his voice 
will be decreased gradually. When his 
voice reaches a point where you can 
barely understand what he is talking 
about, raise your right index finger. It is 
a point where you may miss some of the 
words he is using, but where you still 
have a fair idea of what is being said. 
Keep your finger raised as long as you can 
barely understand what is being said. If I 
go below the point where you can barely 
understand what is being said, signal by 
lowering your right index finger. We will 
make several trials for this measurement. 
At the start of each trial I will make the 
speech loud enough to be understood 
easily. The only time your finger should 
be up is during the period when you are 
barely able to understand the speaker. 


The test was started with the running 
speech signal set at 35 db above the 
normal reference level (24 db re 0.0002 
dyne/cm?). The signal was attenuated 
at a slow rate (about 2 db per second) 
until the subject signalled that he could 
barely understand the recorded mate- 
rial. If, for five seconds, he continued to 
indicate that he barely understood the 
recording, the next lower 2-db step was 
tried. The same five-second criterion 
was applied for each succeeding 2-db 
decrease in signal strength. The signal 
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was attenuated in this fashion until the 
subject lowered his finger to indicate 
that he no longer understood the stimu- 
lus passage. The lowest 2-db hearing 
level at which the subject barely under- 
stood the recording for five seconds 
represented TPRS. 

The measurement of SRT W-1 was 
preceded by the following instructions: 


You are going to hear a series of two- 
syllable words during the next few min- 
utes. Your task will be to repeat the 
words as you hear them. At times the 
words will get very faint. When they 
get faint please try to guess at them. There 
will be no words longer than two syllables, 
and there will be no words shorter than 
two syllables. I am going to let you look 
at all the words which you will hear so 
that you can become familiar with them. 
There will be several trials for this 
measurement. At the start of each trial 
the words will be loud enough to be 
heard easily. After you have looked at 
the words, return them to me and the 
test will begin. 

After the instructions were read, the 
subject was handed a stack of 36 cards. 
On each card there was typed one of 
the 36 CID W-1 spondaic words. After 
the subject had looked at each of the 
words the test was begun. At the start 
of each trial the spondaic words were 
set at 35 db above the normal reference 
level (24 db re 0.0002 dyne/cm*). The 
signal was attenuated in 5-db steps with 
one word being presented at each step 
until the subject failed to repeat a word 
correctly. The signal was then increased 
5 or 6 db to an even step on the hearing- 
loss dial. At each succeeding 2-db dec- 
rement spondaic words were presented 
until (a) the subject repeated three 
words correctly without exceeding a 
maximum of six presentations, or (b) 
the subject missed four words without 
exceeding a maximum of six presenta- 
tions. At each level, therefore, there 


were presented a minimum of three 
words (that is, three correct) or a maxi- 
mum of six words (that is, three cor- 
rect and three incorrect, or two correct 
and four incorrect). The threshold 
standard implicit in this method was 
that of 50% correct (three out of six). 
Thus at each level when the minimum 
limits described above were met, the 
experimenter moved to the next lower 
2-db step. A tally of correct and incor- 
rect responses was made as the test 
progressed. When four words were 
missed at each of three consecutive 
levels sampling was discontinued. This 
criterion for sampling discontinuance 
was used as a protection against prema- 
ture acceptance of an early 50%-level 
as the lowest hearing level at which 
50% of the spondaic words could be 
repeated correctly. For each of the 
three trials SRT W-1 was defined as 
the lowest hearing level at which the 
subject repeated three words correctly. 
It generally required about 15 minutes 
to complete the three trials for SRT 


‘W-1. 


Results 


Table 1 summarizes the mean thresh- 
old values and standard deviations for 
each test. The mean SDT was 16.47 


Taste 1. Means and standard deviations for 
speech detection threshold (SDT), speech 
reception threshold (SRT W-1), and thresh- 
old of perceptibiliry for running speech 
(TPRS), N = 30. 











Measure Mean* Standard Deviation 
(db) (db) 

SDT 16.47 3.45 

SRT W-1 25.47 3.85 

TPRS 28.93 3.00 








*Mean threshold values re 0.0002 dyne/cm’. 
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Taste 2. Results of the ¢ test for related 
measures and Pearson product-moment cor- 
relation coefMicients for the intertest com- 
parisons. 








Test Mean Diff. S.E. Diff. t r 
(db) (db) 





SRT W-1 16.47 
TPRS 28.93 
SRT W-1i 25.47 


3.46 tS 44" 27F 


9.00 66 13.64* 51** 


SDT 16.47 
ried — 12.46 65 19.17" 35 
TPRS 28.93 ; jit 








*Significant beyond .001 level. 
{Not significant at .05 level. 
**Significant beyond .01 level. 


(re 0.0002 dyne/cm?), the mean SRT 
W-1 was 25.47 db, and the mean TPRS 
was 28.93 db. Pearson product-moment 
correlations and ¢ tests for related meas- 
ures (4) were employed in statistical 
analyses which are summarized in Table 
2. Values of ¢ significant beyond the 
.001 level were found for each of the 
mean comparisons, indicating significant 
méan threshold differences among the 
tests. The correlational analyses pro- 
duced low positive values of r for all 
three comparisons. The .51 correlation 
between SRT W-1 and SDT was sig- 
nificant (P = .01), but the SRT W-1- 
TPRS correlation (r = .27) and the 
TPRS-SDT correlation (r = .35) were 
not significant. The low correlations be- 
tween thresholds raised the question of 
whether each of the three threshold 
tests might be unreliable enough to con- 
tribute to the low correlations between 
tests. To check on this possibility, aver- 
age intercorrelations (12) were com- 
puted among the three trials that were 
made for each test. The average inter- 
correlations among trials yielded an r 


of .82 for trials of TPRS, an r of .87 
for trials of SDT, and an 7 of .77 for 
trials of SRT W-1. These findings indi- 
cate that the separate tests were rela- 
tively reliable measures, hence the low 
correlations between tests may be pre- 
sumed to have been primarily a func- 
tion of differences between the tests 
rather than a function of their unrelia- 


bility. 
Discussion 


The results summarized above sug- 
gest that in the average case the instruc- 
tions for each test served to produce 
significant differences among the thresii- 
olds. The relatively low correlations 
observed between tests are consistent 
with the variability in test relationships 
observed from subject to subject. For 
example, while the mean SDT was 9 db 
lower than the mean SRT W- 1, several 
subjects had SDT and SRT W-1 deter- 
minations that were within 2 db of each 
other. Yet there were other instances 
in which these thresholds were 12 to 
16 db apart. Sometimes SRT W-1 was 
within 2 db of TPRS but in several 
cases TPRS was 8 to 10 db higher than 
SRT W-1. Both SDT and TPRS evi- 
denced little tendency to approximate 
each other. It was observed that TPRS 
was always higher than SDT, yet even 
here individual variation was apparent 
with differences between the two 
thresholds ranging from 6 to 20 db. 


Comparison with Previous Findings. 
Egan (6) reported TPRS was 8 db 
above SDT as contrasted with the 12.47- 
db gap between SDT and TPRS found 
in the present study. Hirsh’s (8) re- 
ported mean SDT of 15 db (re 0.0002 
dyne/cm?) agrees closely, however, 
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with the mean SDT of 16.47 db 
reported above. The 9-db difference 
found between SDT and SRT W-1 
agrees identically with the difference 
between SDT and threshold for spon- 
daic words (Auditory Test No. 9) 
found by Thurlow and others (13) for 
normal ears. The mean SRT W-1 of 
25.47 db reported in the present study 
agrees well with Hirsh’s (8) general 
estimate of threshold for spondaic 
words (25 db re 0.0002 dyne/cm?) 
but it is higher than the tentative thresh- 
old of 21 db (re 0.0002 dyne/cm?) 
stated by Hirsh and others (9) for the 
CID recordings of CID Auditory Test 
W-1, and higher than the 18.55 db (re 
0.0002 dyne/cm?*) threshold Corso (4) 
found for CID Auditory Test W-2. 
Falconer and Davis’ (7) finding that 
TICD agrees closely with the threshold 
for PAL Auditory Test No. 9 (spon- 
daic words) is not consistent with the 
findings of the present study. Since 
TICD is the level at which a subject 
believes he understands all of the run- 
ning speech material without percepti- 
ble effort, it is by definition a higher 
threshold than TPRS (where the sub- 
ject is barely able to understand the 
stimulus passage). In the present study 
the mean TPRS was 3.46 db higher 
than SRT W-1 and while TICD was 
not measured, Egan’s (6) estimate that 
it is about 4 db above TPRS appears 
reasonably accurate. One can estimate, 
thus, that if TICD had been measured 
in the present study it would have been 
approximately 7 db above SRT W-1. 

Differences in stimulus materials, 
sample composition, or methodology 
may account for some of the differences 
noted above. For example, Corso tested 
139 subjects, 18-24 years old, with W-2 


recordings in an anechoic chamber, 
while in the present study 30 subjects, 
18-51 years old, were tested with differ- 
ent recordings, in a room not having 
anechoic properties. It appears that 
there is fairly good agreement that the 
normal threshold for spondaic words 
lies somewhere between 18-25 db (re 
0.0002 dyne/cm?), which is consistent 
with the 22 db (re 0.0002 dyne/cm?) 
normal threshold specified for speech 
audiometers by the American Standards 
Association (1). The threshold relation- 
ships among SRT, TICD, and TPRS 
may be clarified by further research 
with larger populations. 


Summary 


Sixteen male and 14 female subjects 
with normal hearing received the fol- 
lowing threshold tests: (a) speech de- 
tection threshold (SDT), (b) speech 
reception threshold for CID W-1 spon- 
daic words (SRT W-1), and (c) 
threshold of perceptibility for running 
Speech. The stimulus materials, which 
were tape recorded by one speaker 
(the experimenter), consisted of a sam- 
ple of running speech for SDT and 
TPRS measurements and lists A, B, and 
C of the CID Auditory W-1 spondaic 
words for SRT W-1. 


The mean SDT was 16.47 db, the 
mean SRT W-1 was 25.47 db, and the 
mean TPRS was 28.93 db (all re 0.0002 
dyne/cm?). Statistical analyses revealed 
significant differences (values of t¢ be- 
yond the .001 level) and low positive 
correlations for all threshold compari- 
sons. A discussion of threshold data 
from previous reports points out sev- 
eral areas of difference which might be 
resolved by further research. 
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A Phonetic Study of Misarticulation of |r| 


JAMES F. CURTIS 


JAMES C. HARDY 


Considerable interest has been shown in 
the phenomenon of inconsistent mis- 
articulation in the speech of children, 
particularly among children who ex- 
hibit deviant speech without apparent 
organic causation. Several authors have 
suggested that occasional correct pro- 
ductions of a speech sound which is 
usually misarticulated may be used to 
advantage in helping a child learn to 
articulate that sound in the correct 
manner consistently. Several studies, 
for example Amidon (1), Wilson (15), 
and Roe and Milisen (J), have shown 
that correct utterance of sounds which 
are frequently misarticulated is com- 
mon in the speech patterns of young 
children who exhibit defective articu- 
lation. However, only when intensive 
studies of specific phonemes were made, 
such as the studies of /s/ by Nelson 
(10) and Hale (3), and the study of 
/t/ by Buck (2), did evidence begin to 
accumulate showing that there is a sys- 
tematic association between particular 
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phonetic contexts and greater fre- 
quency of correct productions of these 
sounds. Spriestersbach and Curtis (J2) 
summarize data from several studies 
which point to this general conclusion. 
If, indeed, this seemingly inconsistent 
articulatory behavior is actually sys- 
tematic and lawful, it is desirable to 
determine not only the presence of 
such phenomena in the speech of chil- 
dren having articulatory defects, but 
also the factors which bring about the 
systematic occurrence of correct pro- 
ductions. 

Of particular interest in relation to 


. the present study is Buck’s investigation 


of /r/. As indicated, Buck’s data sug- 
gest that children articulate /r/ sounds 
differently in different phonetic con- 
texts. In addition, his data show rather 
different articulatory response patterns 
for the vowel /r/ sounds than for the 
consonant glide /r/. However, in the 
view of the present writers, Buck’s pro- 
cedure placed definite limitations on 
the extent to which these relationships 
could be explored. It seemed possible 
that with certain modifications in pro- 
cedure from those employed by Buck 
a more complete description of the /r/ 
responses of children judged to have 
/r/ defects might be obtained. Accord- 
ingly, it was the principal purpose of 
this study to extend the data concern- 
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ing /r/ by employing what were be- 
lieved to be improved procedures of 
observation and classification. 


Procedure 


Modification of Procedures Previ- 
ously Used. The procedures employed 
by Buck were modified in the follow- 
ing ways. 

a. Buck classified the position in 
which each sound occurred as ‘initial,’ 
‘medial,’ and ‘final’ in relation to the 
word in which it occurred without 
consideration to the relation of the 
sound to the syllable of which it was 
a part. The literature on articulatory 
disorders and articulation testing shows 
this to be a common practice. However, 
there would appear to be good reason 
for the relationship of a sound to its 
syllable to be considered more impor- 
tant than its position in a word. For 
example, Stetson’s (13) analysis of ar- 
ticulatory dynamics, supported by con- 
siderable experimental data, appears to 
indicate that a consonant’s function as 
either an initiating or a terminating ele- 
ment of a syllable may be more signifi- 
cant than its position in a word. Classi- 
fying a sound as ‘medial’ in a word 
ignores this possible difference in func- 
tion, since a consonant in the ‘medial’ 
position may be either initiating or 
terminating with respect to a syllable 
of that word.’ Therefore, the present 
study did not divide sounds according 


*The ‘medial’ position classification led 
Buck into particular difficulty with respect to 
certain sound sequences that were termed /r/ 
blends. For example, in such a word as bed- 
room, the [dr] sequence was considered as a 
blend containing /r/. More careful analysis 
will indicate that these two sound elements 
probably belong to different syllables and do 
not constitute a blend in the same sense as 
does the [tr] sequence in a word like track. 


to position within words, but rather in 
relation to the syllabic element which 
is, of course, usually a vowel. Hence, 
the classification here used with respect 
to consonant /r/s was based on whether 
the sound occurred as a prevocalic, or 
a postvocalic sound within the syllable. 
b. A second difference with respect 
to the analysis and classification of 
sounds between Buck’s investigation 
and the present study refers to the 
classification of /r/ in such words as 
car and board. Phoneticians differ in 
the symbols employed for these /r/s. 
Thomas (14) and Kenyon and Knott 
(8) use the same symbol for this case 
as for the initiating glide sound in read. 
This implies that both function as con- 
sonants. Hultzen (5), on the other 
hand, has argued that these /r/ sounds 
are more accurately considered as 
vowel elements of diphthongs, and 
Buck’s data contained indications that 
the responses of his subjects to these 
/r/s were more like their responses to 
the vowel /r/s of bird and butter than 
they were like their glide consonant 
(prevocalic) /r/ responses. Hence, in 
this study these postvocalic and precon- 
sonantal /r/s were transcribed as 
vowels and classified as elements of 
diphthongs. ; 
c. A third departure of significance 
concerned the manner in which articu- 
latory errors were described. Buck 
classified errors according to the usual 
division of omissions, substitutions, and 
distortions. However, classifying a mis- 
articulation as a distortion reveals little 
concerning the specific response made. 
It seemed likely that a more complete 
description which would indicate what 
sounds were actually produced, or the 
nature of the phonetic variation that 
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occurred when the sounds were dis- 
torted, would give additional insight 
into the articulatory behavior of the 
subjects. Hence, instead of employing 
the usual omission, substitution, and dis- 
tortion classifications, the present study 
attempted, by means of a system of 
close phonetic transcription, to sym- 
bolize the misarticulations that the sub- 
jects produced. Thus, errors were clas- 
sified either as omissions or substitutions 
for which the error sound was tran- 
scribed. 

d. Lastly, to obtain more informa- 
tion concerning intrasubject trends of 
systematic misarticulation, the speech 
sample elicited from the subjects in this 
study included a greater number of /r/ 
attempts than did the sample obtained 
by Buck. 


Subjects. The subjects for this study 
were 30 children between the ages of 
5 years, 6 months, and 8 years, 6 
months, who had been diagnosed by a 
speech correctionist as having func- 
tional misarticulation, /r/ being one of 
the problem phonemes in each case. All 
of the subjects could be considered 
within the normal range of intelligence 
as evidenced by satisfactory school 
progress. All of the subjects were from 
sufficiently similar speech environments 
to warrant one dialectal standard being 
used in judging their /r/ errors. 


Testing Procedure. The test materials 
consisted of a series of picture cards 
designed to elicit 175 words containing 
a total of 195 examples of /r/. The sub- 
jects were presented with the 175 test 
cards in an orthodox manner of articu- 
lation testing making no use of oral 
stimultation. If, on first presentation of 
a card, a child did not say the desired 
word even with the help of a starter 


question, the word was passed over. 
After the complete set of 175 cards had 
been presented, those pictures which 
had failed to elicit the expected words 
were again shown to the child. If the 
desired response was still not forthcom- 
ing, no further effort was made to elicit 
that particular word. For such items a 
‘no response’ notation was entered on 
the data sheet. 


Recording and Preparation of Tapes 
for Transcription. The testing sessions 
were recorded on plastic base magnetic 
recording tape by means of a Magna- 
corder PT6-A4 recording unit with an 
associated PT6-J amplifier and Electro- 
Voice Model 731 microphone. Tape 
speed was 7.5 inches per second. By 
means of a re-recording process involv- 
ing the use of two tape recorders, an 
Ampex Model 403-2 and the Magna- 
corder equipment mentioned previous- 
ly, the responses of subjects were trans- 
ferred to another tape with the ex- 
traneous speech of the examiner and 
subjects deleted. During this process, 
adjustments were made to equalize the 
recorded level of the words on the re- 
recorded tape. 

To avoid the possibility that con- 
tinuous listening to a single subject’s 
responses might lead the observers to 
expect certain patterns of misarticula- 
tion, the following procedure was used 
to intermix and scramble the responses 
of different subjects. The re-recorded 
tapes were cut into segments contain- 
ing from one to four words. After the 
word and subject number had been 
written on the back of each piece of 
tape with India ink, the segments were 
mixed and spliced together in random 
order. The resulting transcription tapes 
carried about 5000 isolated words. 
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Method of Describing the Speech 
Errors. Previous mention has been made 
of the fact that a system of narrow 
phonetic transcription was devised to 
describe the articulations composing 
the test words as spoken by the sub- 
jects. In order for the reader to more 
easily interpret the discussion and data 
presented below, explanation of this 
system of transcription is presented. 

Most systems of narrow phonetic 
transcription make use of diacritics 
having a physiological reference. For 
example, notations are used which in- 
dicate that the tongue is lowered, 
backed, raised, or fronted. This use of 
diacritics is vulnerable to the objection 
that it attempts to infer details of phys- 
iolegical movement that are not di- 
rectly observed. The accuracy with 
which such inferences may be made is 
subject to question. What one can ob- 
serve are acoustical events. Accord- 
ingly, the system adopted for this study 
attempted to describe variations in the 
acoustically perceived utterances with- 
out reference to the physiological vari- 
ations which may have accompanied 
them. 

The phonemic symbols of the Inter- 
national Phonetic Association as given 
by Kenyon and Knott (8) were used 
as the basic symbols of the system. 
Modifying symbols were employed in 
relation to the families of sounds repre- 
sented by the basic symbols in accord- 
ance with the actual event which was 
heard. For instance, if the [t] of the 
word [prezent] was perceived to be 
aspirated, the diacritic [h] was placed 
to the right of and slightly above the 
symbol /t/, thus forming the allo- 


phone [ch]. If, in the case of vowels, 
the /1/ in [tsk1] was perceived to con- 


tain elements of both the /1/ and /i/, 
the /i/ symbol was placed just above 
the /1/ symbol, thus indicating the allo- 


phone, or event, |]. If the observer 
judged the sound to contain a larger 
proportion of the elements of /1/ than 
of /i/, the /1/ would appear larger and 
be placed under the symbol of the 
minor element. Thus, the transcription 
system provided for gradation between 
any two elements in the phonemic 
repertoire of the observers. 

One decision was made which in- 
volved a major deviation from the sym- 
bols as presented by Kenyon and Knott. 
Those authors use the symbol [r] to 
represent the consonant glide /r/, [3+] 
to represent the stressed vocalic /r/, 
and [a] to represent the unstressed 
vocalic /r/. However, as mentioned 
earlier they use the consonant symbol 
[r] to transcribe the postvocalic /r/ 
in such words as card and bear. For 
reasons previously discussed, in this 
study these postvocalic and preconso- 
nantal /r/s were considered to be 
vowel sounds, rather than consonants. 
Hence, the decision was made to tran- 
scribe the postvocalic /r/s with the 
symbol [2]. 


Observers and Transcription Proce- 
dure. Two observers, both of whom 
had extensive experience in testing the 
articulation skills of children, tran- 
scribed the words on the transcription 
tapes. Both observers had worked as 
public school speech therapists, were 
graduate students in speech pathology 
and audiology, and had participated in 
a graduate seminar in advanced pho- 
netics. In order to eliminate as many 
differences as possible in the two ob- 
servers’ transcriptions, several practice 
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Tasre 1. Description and examples of the 
three types of /r/ employed in organizing the 
data. 








Types Description of 
of /r/ Types of /r/ Examples 
/r/ The consonant glide rabbit 
/r/ which occurs in train 


the prevocalic posi- 
tion as a single and 


in blends 
/3/ The stressed vocalic bird 
/t/ church 
/a/ The unstressed vo- mustard 
calic /r/ as a syllabic water 
element and bear 
as a nonsyllabic ele- board 


ment of a diphthong 





sessions were held during which the 
observers transcribed recordings of ar- 
ticulatory defective speech. This prac- 
tice was continued until it was judged 
that the two observers were employing 
the transcription system with sufficient 
consistency and agreement to justify 
starting the transcription of the experi- 
mental tapes. 


The transcription tapes were played 
from the Magnacorder to which was 
connected a model 210A Scott amplifier 
and a Jensen 15” coaxial speaker. One 
observer read the number appearing on 
the tape as it approached the playback 
head and then stopped the recorder. 
Both observers wrote this number on 
a ruled pad. Next the recorder was 
turned on until the word was played 
when it was again stopped. The ob- 
servers then independently transcribed 
the word. A word was replayed until 
each observer was satisfied with his 
transcription. 


Results 


Organization of Data. Classification 
of the data involved two major steps: 
(a) the various examples of the /r/ 
phoneme included in the speech tests 
had to be classified according to types 
of /r/, and (b) the various phonetic 
contexts had to be organized in such 


Taste 2. Description and examples of the phonetic contexts in which each type of /r/ 


occurred. 





Symbol for 





Phonetic Context Description of Phonetic Context Examples 
/tV/ The glide consonant /r/ which occurs as a rabbit 
‘single’ in the prevocalic position, followed by rock 
a vowel, /V/ 
/Cr/ The glide consonant /r/ which occurs in present 
‘blends’ in the prevocalic position, preceded train 
by a consonant, /C/ 
/3-/ The stressed vocalic /r/ bird 
shirt 
/Va/ The unstressed vocalic /r/ as it occurs after fire 
a vowel, /V/ bear 
/VaC/ The unstressed vocalic /r/ as it occurs in a horn 
postvocalic, preconsonant context, with /V/ fork 
standing for a vowel and /C/ a consonant 
/Ca/ The unstressed vocalic /r/ as it occurs as a water 
postconsonant sound, with /C/ representing river 
the consonant 
/CaC/ The unstressed vocalic /r/ as it occurs be- mustard 
tween two consonants scissors 








ee 


= 
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a manner as to reveal possible systematic 
influences of adjacent sounds in facili- 
tating or inhibiting correct production 
of /r/. 

Types of /r/. Three classifications 
differentiating between types of /r/ 
were employed in this study. They 
were the consonant glide /r/, the 
stressed vocalic /r/, and the unstressed 
vocalic /r/. Description and examples 
of these classifications appear in Table 
1. 

Organization Dy Phonetic Context. 
When the three types of /r/ are con- 
sidered in terms of phonetic contexts in 
which they occur, each type falls into 
certain phonetic environments de- 
scribed in Table 2. 

As previously explained, this classifi- 
cation does not make the usual division 
of sounds into initial, medial, and final 
positions, but takes account, instead, of 
the function of sounds in syllables. One 
difficulty with the present classification 
arises from the fact that instances occur 
for which there is real uncertainty con- 
cerning the appropriate division of a 
word into syllables. For example, in the 
word apron, it is possible for the word 
to be uttered so that the combination 
[pr] is produced as a consonant blend 
which initiates the second syllable. On 
the other hand, the two consonant ele- 
ments [p] and [r] may be uttered so 
that they would be more-appropriately 
considered as belonging to different 
syllables. Twenty-nine of the 195 ex- 
amples of /r/ of this study occurred 
in phonetic contexts of this type. That 
is, the phonetic context of the /r/ in 
relation to a syllable could not be un- 
equivocally determined on a priori 
grounds. These 29 examples of /r/ 
were included in a separate category 
of test responses, which were termed 


intersyllabic /r/ contexts, and were 
considered only for comparative pur- 
poses with the main body of the data. 
These intersyllabic contexts will be dis- 
cussed in a later section. 

The remaining observations which 
constitute the main body of data con- 
cern those occurrences of /r/ whose 
position in regard to the syllable in 
which they occurred could be deter- 
mined because they were (a) a con- 
sonant glide /r/ and initiated the test 
word, (b) a vocalic element constitut- 
ing either the syllabic element of the 
syllable, or the second element of a 
diphthong in the syllable, or (c) a 
vocalic element which ended the test 
word. 


Responses To Be Considered for 
Analysis. To guarantee an adequate 
number of subjects for the observations 
of each test word, it was arbitrarily de- 
cided to eliminate from the analysis any 
word for which the test picture failed 
to elicit an appropriate response from 
at least 25 of the 30 subjects. This pro- 
cedure guaranteed that there would be 
at least 25 responses for each test word, 
and thus the /r/ or /r/s in those test 
words, in the final analysis. In a few 
instances inconsistent pronunciation on 
the part of the subjects did not allow 
particular examples of /r/ to be classi- 
fied consistently according to phonetic 
context. For example, some subjects 
pronounced flower as [flavuwa] while 
others pronounced it as [flava]. The 
examples of /r/ in such words were 
also omitted from the data. Thus, the 
analysis is based upon 127 words; in all 
there were 144 examples of /r/ in- 
cluded for final analysis. 


Reliability of Observers. The con- 
sistency of the observers in using pho- 
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Taste 3. Percentages of correct articulations 
of /r/ within specific phonetic contexts. 
Entries in this table represent pooled data 
for 30 subjects. 








Percent of 
Phonetic Correct Number of 
Context Occurrences Observations 
[pr] 49.2 59 
[dr] 40.3 119 
{tr} 31.9 235 
{str] 27.6 112 
[br] 23.7 207 
[1a] 23.7 59 
[kr] 23:1 173 
[da-] 22.4 58 
[gr] 22.2 90 
[at] 20.0 30 
[s] 18.6 414 
[aa] 18.3 60 
[skr] 17.9 29 
{6r] 16.9 59 
{fr} 16.8 89 
[spr] 16.6 30 
[r] 15.6 640 
[fa] 14.8 27 
[ba] 14.3 28 
[po] 13.5 89 
[am] 13.3 60 
[eo] 12.8 149 
[no] 12.1 98 
[la] 11.7 60 
[da] 11.7 28 
[so] 11.1 27 
[ova] 10.9 119 
[me] 10.3 58 
[va] 10.3 29 
[ava] 10.3 29 
[az] 10.1 59 
[as] 10.0 30 
[ad] 9.3 108 
[tja] 9.0 89 
[=] 8.0 87 
[to] 7.3 108 
[d3x] 7.1 28 
[go] 7.0 115 
[ko] 5.1 59 
[ata] 5.1 59 
{ak] 5.0 60 
[on] 3.4 88 
[yo] 3.3 30 





netic symbols to denote various /r/ 
responses (including deviations from 
normal /r/ articulations) was computed 
by dividing the total number of tran- 
scribed /r/ responses into the number 
of /r/ transcriptions which were iden- 
tical for the two observers. The ob- 


servers agreed on 86.6% of the re- 
sponses transcribed. This percentage of 
agreement compares favorably with 
previously reported data (2, 3, 4, 6, 7, 
10). It may be further noted that the 
observers’ subjective evaluation of the 
method used to describe articulatory 
errors was that it was generally quite 
adequate. They were convinced also 
that such a system is generally more 
descriptive than a system using a broad 
category of ‘distortion’ to classify 
many errors of articulation. 


Influence of Phonetic Context upon 
Misarticulation of /r/. In the data pre- 
sented below, only those articulatory 
responses upon which both observers’ 
transcriptions agreed exactly are indi- 
cated. All other /r/ responses were de- 
leted. Thus, some tables will not show 
a total of 100% of the /r/ responses 
spoken. Table 3 presents the percent- 
ages of correct production of /r/ 
associated with each particular phonetic 
context for all 30 subjects. 


The Glide Consonant [r]. These 
data for the glide consonant /r/ show, 
first, that in every instance the [r]s 
occurring in consonant blends were 
correctly articulated relatively more 
often than the single [r]s. Second, 
among the consonant blends the highest 
percentages of correct articulations of 
[r] occur for those blends which con- 
tain stop-consonants. Third, among the 
blends containing the stop-consonants, 
there seems to be a systematic variation 
of correct productions of [r] associated 
with the place of articulation of those 
consonants. Consonant blends contain- 
ing front-stop consonants show higher 
percentages of correct articulations of 
[r] than do the blends containing back- 
stop consonants or continuant con- 





sO 
Ww! 
sn 
su 
ar 


ta! 





Sa E_hl(<( 


sg 


-_ 


Curtis, Hardy: Misarticulation of /r/ 251 


Taste 4. Percentages of subjects articulating 
at least one /r/ correctly within various 
phonetic contexts. 








Phonetic Percent of 

Context Subjects 
/tV/ 43.3 
/Cr/ 93.3 
[+] 66.7 
/Va/ 60.0 
/VaC/ 56.7 
/Co/ 73.3 
/CaC/ 16.7 





sonants. The one exception is [spr] for 
which the percentage is based on a 
small number of responses since each 
subject had only one opportunity to 
articulate that combination. 

The Unstressed Vocalic [a]. Two 
points may be noted in the data for the 
unstressed vocalic /r/. (a) There seems 
to be much less variation in the fre- 
quency of correct production of the 
[a] associated with any particular clas- 
sification of context in which it oc- 
curred. However, as indicated for the 
glide [r], those contexts for [a] con- 
taining sounds which may be classified 
as front sounds show higher percentages 
of correct productions than do those 
contexts containing back sounds; for 
example, [1a] and [da] may be com- 
pared to [ka] and [ove]. (b) The 
relative frequency of correct responses 
for the post-vocalic /r/ sounds is more 


similar to the other cases of the un- 
stressed vowel than to the frequencies 
for the glide [r]. This feature of the 
data will be more fully discussed in a 
later section. 


Comparisons among Subjects. Table 
4 lists the percentages of subjects cor- 
rectly articulating at least one /r/ with- 
in the different phonetic contexts. By 
comparing Table 4 with Table 3 it 
may be seen that the relationship be- 
tween the number of subjects correctly 
articulating an /r/ within a given pho- 
netic context and the percentage of 
correct productions of /r/ in that con- 
text is rather high. That is, a context in 
which /r/ occurs that was correctly 
articulated by a large percentage of 
subjects was also associated with a high 
percentage of correct productions of 
that /r/. This would certainly be ex- 
pected if there were any consistency in 
responses from subject to subject. The 
fact that this relationship is marked in- 
dicates that the correct productions of 
/r/ in any context was not due to a 
few subjects but was a general charac- 
teristic of behavior of the group. 


Differentiation among Types of /r/. 
Other factors specific to the articula- 
tion of /r/ may be pointed up from the 
data. The types of /r/, as defined in 
this study, can consistently be differen- 


Taste 5. Relative frequency of types of errors spoken for the various phonetic contexts. Table 
entries are percentages of all observations for each context. 





Type of Error 


Contexts {w] ib 





hi {aw] Omis. {a] {3] [39] {u] [va] [ou] (vl 
/tV/ 62.5 16.8 ee 
/Cr/ 31.9 11.6 2y2 14.6 
{s] 1.9 38.8 3.1 11.0 1.2 1.2 
/Va/ 10.9 41.0 1.9 10.7 
/VaC/ 33.0 38.4 2.0 Zt 1.1 
/Ca/ 6 18.0 5.0 35.8 2:7 1.1 


/CaC/ 


5.5 17.2 4.5 
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tiated on the basis of distinctive articu- 
latory behavior. The data of Tables 3 
and 4 show that, in general, the glide 
consonant [r] occurring in consonant 
blends ranked first in relative number 
of correct productions. Next, as ranked 
by percentage of correct production, 
is the stressed vocalic [3]. Third is the 
unstressed vocalic [a]. These differ- 
ences in frequency of correct /r/ re- 
sponses are generally consistent among 
types of /r/, irrespective of variations 
in phonetic context. 

Table 5 points up the differential 
characteristics of these various types 
of /r/ by showing that the types of 
errors spoken for each type of /r/ are 
distinctive. Note that (a) the errors 


Taste 6. Percentages of correct productions 
of each type of /r/ by subject. 








Subject /r/ /3/ /a/ 
1 a8) 84.6 59.4 
2 8.6 7.7 1.6 
3 8.0 0 2.9 
4 1.8 0 0 
5 18.0 14.3 26.1 
6 11.1 7.1 0 
7 6.3 35.7 40.6 
8 50.8 ri 2.9 
9 40.6 14.3 5.7 

10 58.1 78.6 16.4 
11 0 0 2.9 
12 23.8 0 0 
13 1.6 0 0 
14 62.5 50.0 13.0 
15 14.1 28.6 8.6 
16 65.6 0 8.6 
17 21.9 7.1 16.4 
18 7.8 EL 8.6 
19 48.4 0 4.3 
20 6.3 0 6.2 
21 8.2 7.1 1.4 
22 15.9 84.6 77.9 
23 42.2 57.1 a. 
24 W 14.3 2.9 
25 10.1 14.3 0 
26 31.0 46.2 y fs 
27 1.6 0 4.3 
28 44.4 7.7 2.9 
29 18.8 0 0 
30 18.8 0 1.4 





spoken for the consonant glide [r] 
were consonants; (b) the errors spoken 
for the stressed vocalic [3] were 
vowels; and (c) the unstressed [a] was 
like [3] in that vowels always occurred 
as error responses, although, as men- 
tioned above, it was unlike [3] in the 
frequency of correct articulation. 

Table 6, which gives the percentage 
of correct production of each type of 
/r/ by each subject, shows further evi- 
dence of the differential articulatory 
behavior with respect to types of /r/. 
Here it may be seen that the percentage 
of correct production of a given sub- 
ject for one type, for example, conso- 
nant glide [r], provides little basis for 
predicting the frequency of correct 
production of the vowels [3] or [a] 
for that subject, and vice versa (com- 
pare Subject 1, who seldom produced 
a correct consonant /r/ but frequently 
articulated the vowel /r/s acceptably, 
with Subject 19, whose responses show 
the exact reverse). 

Thus, the data of this study show 
several ways in which subjects behave 
differentially with respect to the differ- 
ent types of /r/, as here classified. It 
seems evident that this differential re- 
sponse should be given consideration 
when analyzing the problem of a child 
who exhibits misarticulations of /r/ 
sounds. Moreover, the evidence argues 
convincingly against classifying all of 
these /r/ sounds within a single cate- 
gory implying relationship with respect 
to articulatory movements. Rather, the 
evidence supports the division of /r/ 
sounds into a number of types to which 
responses seem to be sufficiently differ- 
ent to suggest that there may very well 
be important underlying differences of 
articulatory movement. 
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TABLE 7. Percentages of correct articulations of /r/ in intersyllabic coritexts. Selected data 


from Table 1 are included for comparison. 





Intersyllabic Contexts 


Data from Table 1 





Phonetic % of Correct Number of Phonetic % of Correct Number of 
Context Occurrences Observations Context Occurrences Observations 
[go] 34.5 29 [ga] 7.0 115 
[br] 33.7 89 [br] 23.7 207 
[eo] 29.8 57 fea] 12.8 149 
[to] 29.4 119 [ta] 73 108 
[kr] 27.5 29 [kr] 23.1 173 
[tr] 23.5 30 {tr] 31.9 235 
{r] 18.6 113 {r] 15.6 640 
[ara] 18.3 60 [ara] 5.1 59 
[ar] 13.9 144 
[aa] 13.6 88 [ax] .18.3 60 
[oa] 13.3 30 
[le] 11.1 27 [le] 11.7 60 
[pr] 10.0 30 [pr] 49.2 59 





The Postvocalic /r/. Another point 
of interest is that the data of this study 
support the point of view that the post- 
vocalic /r/, as in board, park, car, func- 
tions as a vowel in the articulatory 
process. First, the relative frequency of 
correct production of the postvocalic 
/r/ in words such as those given was 
quite similar to that of the unstressed 
syllabic [a] in water, mustard, ladder, 
which is universally accepted as being 
vocalic. Second, the sounds substituted 
for the postvocalic /r/ were always 
vowels, and were the same vowels in 
general as those substituted for [3] and 
[a] which are universally accepted as 
being vowels. It therefore seems clear 
that classification of the postvocalic /r/ 
as a vocalic element was justified, as 
was the use of the symbol [a] to repre- 
sent that phonetic element. 


Intersyllabic Context. It has been 
previously mentioned that 29 of the /r/ 
examples included in the test were lo- 
cated between two syllables of the word 
so that an unambiguous decision could 
not be made assigning the /r/ to one or 


the other of the syllables. Since the 
assignment to syllables was uncertain, 
classification according to phonetic 
context was also equivocal. These cases 
will now be considered and compared 
to the data previously presented. In 
presenting these data in Table 7, the 
phonetic contexts were determined by 
the best judgment of the observers 
while listening to the transcription 
tapes. The uncertainty of this deter- 
mination should, however, be borne in 
mind in considering these data. Selected 
data for comparable phonetic contexts 
from Table 3 are repeated in Table 7 
so that comparisons may be readily 
made. 

The number of observations of the 
intersyllabic /r/ contexts are small in 
six of the 12 instances. Those for which 
the number of observations listed in the 
table are 30, or less, occurred only once 
in the test, so that there is only one 
observation per subject. Thus, the per- 
centage figures in those cases are in- 
herently unstable. Despite this fact, 
some points may be made concerning 
these data: (a) Of the six contexts 
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which each subject had the opportunity 
to speak more than once, the higher 
percentages of correct /r/ productions 
are associated with front consonants 
and vowels. This is consistent with the 
previously presented data from Table 
3. (b) There seems to be a general 
tendency in the direction of a greater 
frequency of correct productions of 
/r/s in intersyllabic contexts than in 
cases where the /r/ definitely initiates 
or terminates a syllable. This is particu- 
larly true of the unstressed vocalic [a]. 
(c) Contrary to the previously pre- 
sented data, there is little systematic 
ranking of percentages of correct pro- 
duction of /r/ by type of /r/. 

This erratic behavior of /r/s in inter- 
syllabic contexts as compared to the 
behavior of those in the main body of 
data may be due to the uncertainty 
with which phonetic context can be 
specified for these cases. Also, sounds 
occurring within a sequence of running 
syllables may vary sufficiently from 
similar sounds spoken as initiating or 
terminating elements that such differ- 
ences may not be unexpected. 


The Intervocalic /r/. In the group 
of /r/ responses occurring between 
connected syllables, one particular /r/ 
was differentiated from the other types 
of /r/. The observers realized early in 
the transcription procedure that the 
subjects’ responses to the intervocalic 
/r/ of arrow, carrot, and similar words, 
were different from their responses to 
the other types of /r/. In particular, 
the types of misarticulation were dis- 
tinctive. The dominant error with re- 
spect to this /r/ was that of omission. 
Each subject had five opportunities to 
produce this particular /r/ and for 
42.6% of their attempts the omission 


error was noted. Furthermore, this /r/ 
was spoken correctly at least once by 
only 16 of the 30 subjects (56.7%). 
When the other types of /r/ are 
ranked according to the number of sub- 
jects speaking them correctly at least 
once, the intervocalic /r/ ranks last. 
The glide consonant [r] was spoken 
correctly at least once by 29 of the 
subjects, [a] by 24 of the subjects, and 
[3] by 20 of the subjects. 

In the relatively few cases where the 
subjects substituted other sounds for 
the intervocalic /r/, the pattern of the 
error sound also was distinctive. The 
substitution was usually a vowel fol- 
lowed by a consonant and these ele- 
ments were blended in such a way as 
to sound quite different from the errors 
noted with respect to the other types 
of /r/. Accordingly, the observers used 
the symbol [ar] to represent this inter- 
vocalic /r/ when it was correctly 
articulated. 

In view of the above, it appears that 
there are at least three, and possibly 
four, types of /r/ sounds which may 
be sufficiently different in their charac- 
teristics to merit being considered as 
separate kinds of articulatory events, 
namely, (a) the consonant glide [r], 
(b) the stressed vocalic [3], (c) the 
unstressed vocalic [a], and (d) the 
intervocalic [ar]. 


Comparison with Previous Research. 
The previous research which is most 
comparable to the present study is the 
thesis of Buck (2). Previous discussion 
has pointed up certain differences in 
procedure and classification of sounds 
in the two studies. However, the data 
of the two are comparable in certain 
respects. With respect to the consonant 
glide [r] certain differences in the two 
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experimental groups’ behavior may be 
noted: (a) For certain consonant 
blends, notably [pr], considerably 
higher percentages of correct produc- 
tion of the consonant [r] were ob- 
served in the present group than were 
noted for Buck’s subjects. (b) Buck’s 
subjects correctly articulated the glide 
[r] as a single relatively more often 
than they correctly articulated the glide 
[r] in certain blends, whereas, the sub- 
jects of this study correctly articulated 
the single consonant [r] relatively less 
than the [r] in any consonant blend. 
(c) The percentages of correct re- 
sponses for /r/ in various contexts seem 
higher generally in this study than in 
Buck’s. These differences may possibly 
be explained by the fact that Buck’s 
subjects were restricted to three re- 
sponses for each context. The subjects 
of the present study had more oppor- 
tunities to speak the [r] in blends, for 
example, four times for [dr], seven 
times for [br], and six times for [kr]. 
The subjects of the present investiga- 
tion had 22 opportunities to speak the 
single glide [r], which Buck’s subjects 
articulated only three times. Thus the 
chances for correct articulations to 
occur are increased in the present in- 
stance. 

Certain similarities in the data of the 
two studies also merit attention: (a) 
the postvocalic [a] and postconsonant 
vowel [a] showed similar percentages 
of correct production in both studies. 
(b) In both studies the stressed vocalic 
[3] showed higher percentages of cor- 
rect production than did the unstressed 
vocalic [a]. (c) In both studies rela- 
tionships appeared between the per- 
centages of correct /r/ production in 
consonant blends and the tongue move- 
ment or placement of the sound blended 


with /r/. Buck noted that occurrence 
of blends with consonants requiring 
definite tongue position or movement, 
especially postdentals, seem to facilitate 
correct [r] productions. Subjects in the 
present study correctly produced [r] 
more frequently when it was blended 
with front-stop consonants. 

More generally, the data of the pres- 
ent study certainly lend support to the 
findings of previous workers (2, 3, 10, 
11) that correct production of conso- 
nant sounds usually misarticulated as 
singles may be facilitated in blends. The 
present results also corroborate previous 
researches (1, 2, 3, 10, 11, 15) in that 
inconsistent misarticulation seems to be 
the rule rather than the exception in the 
speech patterns of children with func- 
tional articulation problems. 


Discussion 


The findings of this study point to 
several general influences which are of 
sufficient significance to be re-empha- 
sized. 


a. On the basis of the articulatory 
behavior analyzed in this study it 
would appear that the consonant glide 
[r], the stressed vocalic [3], the un- 
stressed vocalic [a], and, perhaps, the 
type of /r/ heard in arrow ([ar]), are 
different classes of phonetic events to 
which subjects show differential be- 
havior. Grouping them into a general 
classification for clinical or analytical 
purposes ignores these distinctions. It 
may be further suggested that the dif- 
ferences in response patterns shown in 
this study suggest underlying differ- 
ences in articulatory movements which 
may need to be considered in relation 
to the problem of their appropriate 
phonemic classification. 
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b. The postvocalic [a] is best con- 
sidered as a vocalic element since articu- 
latory responses in words containing 
this /r/ are similar to other vowel /r/ 
sounds and dissimilar to consonant /r/ 
responses. 

c. This study is in agreement with 
previous research in finding that incon- 
sistency of misarticulation is common 
in the speech of children with func- 
tional misarticulation. Data of this study 
and of Buck’s investigation indicate that 
with respect to the various types of /r/ 
this inconsistency is systematic and can 
be related to a certain extent to the 
phonetic context in which the /r/ 
occurs. 

d. These data, as do the data of 
previous studies dealing with inconsist- 
ent misarticulation, indicate that a rather 
thorough phonetic analysis of articula- 
tory defective speech may be valuable 
in understanding the problem and plan- 
ning a corrective program. A detailed 
analysis would seem indicated both to 
determine the specific types of sounds 
which are misarticulated and to reveal 
phonetic contexts which facilitate cor- 
rect articulation for the individual case. 

e. The data of this investigation 
point strongly to the conclusion that 
phonetic context is an important factor 
in the articulatory process and suggests 
that there may be a need to re-examine 
the common assumption that clinical 
retraining procedures should usually 
begin with isolated sounds on the pre- 
sumption that they are more readily 
articulated. 


Summary 


The consistency of misarticulations 
of the /r/ phoneme was analyzed for 
a sample of 30 children who had 


been selected because of functional 
difficulty with /r/. A system of narrow 
phonetic transcription was used to de- 
scribe the misarticulations observed on 
magnetic recordings of a word articula- 
tion test containing 175 examples of 
jx. 

The results show characteristic dif- 
ferences in response patterns among 
different consonant /r/s, among cer- 
tain subclasses of vowel /r/s, and 
among different phonetic contexts. 
Types of /r/ could be differentiated 
with respect to both the frequency and 
the types of error responses. Charac- 
teristically different patterns of error 
responses were obtained for vowel /r/s 
as compared to consonant /r/s. 

Comparison is made with previous 
data from similar research and clinical 
implications are suggested. The data 
also suggest that certain /r/ occur- 
rences which have been frequently 
classified as consonant articulations may 
be more appropriately considered to be 
vowels. 
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Nature of the role of the parent in a 
speech therapy program is a matter of 
concern to most speech therapists. The 
degree to which a parent should par- 
ticipate in a rehabilitation program for 
cerebral palsy speech (2), stuttering 
(3, pp. 225-226), and cleft palate speech 
(8, p. 606) has been discussed by some 
writers. 

The parental role in articulation ther- 
apy also has been studied and in the 
area of articulation problems there are 
divergent opinions on this role. Powers 
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McCLINTOCK 


(8, pp. 800-801) feels that the ‘coopera- 
tive nature of articulation therapy’ sug- 
gests that parents should engage ac- 
tively at an appropriate point in therapy 
in assisting the therapist with the cor- 
rection of the problem. West, Ansberry, 
and Carr (10, pp. 352-353) state that 
parents ‘should be given considerable 
responsibility in the program.’ Lilly- 


‘white (6) feels that optimum results 


will be obtained in the correction of 
speech defects if mother is made a ther- 
apist. On the other hand, Wood (11) 
found that mothers of children with 
functional articulation problems were 
more neurotic in tendency than mothers 
of ‘normal’ children. He concluded that 
mothers of children with functional 
articulation problems should be dis- 
suaded from undertaking speech cor- 
rection procedures with the child in 
his home. 


The present study was designed to 
evaluate the results of training parents 
to help at home children with func- 
tional articulation defects. 


September 1959 
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Procedure 


Subjects. In the experimental group 
were 36 children, 10 girls and 26 boys; 
in the control group were 36 children, 
nine girls and 27 boys. All children in 
both groups had functional articulation 
problems and all were Caucasian except 
for a Negro boy in the experimental 
group. They were enrolled in two clin- 
ics (Armstrong County, Pennsylvania, 
1957) conducted simultaneously 20 
miles apart, the experimental group at 
one clinic and the control group at the 
other. 

At the time of enrollment in each 
clinic and after completion of appro- 
priate oral examinations of teeth align- 
ment and spacing, degree of dental 
occlusion, tongue mobility, height of 
palatal arch, and velar movement, all 
children who evidenced functional ar- 
ticulation problems were further tested 
by a staff of six speech therapists. They 
were given the Otis Quick Scoring 
Group Intelligence Test, Forms A and 
B, to estimate mental ages. Their hear- 
ing was screened at 20 db from 250 
through 8000 cps using Beltone 10A 
audiometers. Their speech was tested 
by the use of a combination of flash 
cards drawn from the Developmental 
Articulation Test and the Warnock- 
Medline Cards to meet the five criteria 
established by Wright (/2) for reliable 
testing on the following consonant 
sounds used in this study: [r], [1], [s], 
[f], [v], [k], [g], [tf], [f], and [6). 
Pictures of objects used on these cards 
were those selected by Wright except 
for the addition of those for [6] and 
[J]. Each subject was tested by each 
therapist on all 10 sounds, each sound 
appearing in the initial, medial, and final 


positions, in the ordet reported above. 
Criteria for judging responses, direc- 
tions to the subjects, and methods of 
recording responses all followed the 
procedures established as reliable by 
Wright (12). Errors of omission, sub- 
stitution, and distortion, as well as cor- 
rect responses, were recorded. 

A Subject was not used in this study 
if he had a hearing loss of 20 db or 
greater at any frequency; if his mental 
age, as determined by the Otis tests 
was less than five years and 11 months; 
or if his oral structure was judged to be 
anomalous in any way. 

The method of equivalent groups de- 
scribed by Garrett (4, pp. 211-212) 
was the basis for equating the experi- 
mental and control groups. The groups 
of subjects were matched on the basis 
on four variables: sex. I.Q., number of 
days of clinic attendance, and number 
of articulation errors. The effectiveness 
of the matching procedures may be 
judged by noting the approximate equal- 
ity for the two groups of the means 
and standard deviations on preliminary 
measures. For the experimental and con- 
trol groups the mean chronological ages 
were seven years, four months and 
seven years, seven months with stand- 
ard deviations of 1.05 and 1.41 years, 
respectively; mean mental ages were 
eight years, one month and seven years, 
five months with standard deviations of 
1.32 and 1.54; and corresponding mean 
1.Q.’s were 102 and 98 with standard 
deviations of 4.81 and 3.98. Mean times 
for previous therapy were nine months, 
four days and eight months, five days, 
with standard deviations of 0.73 and 
0.45 months, for the experimental and 
control groups, respectively. Mean 
numbers of articulation errors were 
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5.72 and 6.50, with standard deviations 
of 2.55 and 2.83 errors, for the experi- 
mental and control groups, respectively. 


Articulation Tests. The experiment 
involved articulation tests at three 
stages: Pre-, Post- I, and Post- II. The 
Pretesting was done immediately before 
the 3.5-week clinical period. Post- I 
testing was done directly after the clini- 
cal period. Post- II testing was done 
nine weeks after Post- I. 

Each articulation test at all three 
stages involved identical procedures and 
flash cards in testing for omissions, sub- 
stitutions, and distortions on the 10 con- 
sonant sounds chosen for the study. 
Post- I testing of the experimental group 
was by a therapist from the control 
group and, on the same day, Post- I 
testing of the children in the control 
group was done by a therapist from the 
experimental group. The same arrange- 
ments were made for Post- II testing 
so that in both Post- I and Post- II test- 
ing no therapist tested any child he 
knew or had diagnosed or treated dur- 
ing the clinical period. 


Reliability of Therapists. The relia- 
bility of the six therapists who served as 
judges in the experiment was tested 
in two ways: (a) The percentage of 
agreement among the six testers was 
determined when two live subjects 
were tested, one therapist presenting 
the flash cards and all therapists judg- 
ing the responses simultaneously. The 
mean percentage of agreement for all 
raters was 87.7%. Mean agreement on 
omissions was 89.6%; on substitutions, 
88.0%; on distortions, 83.1%; and on 
correct sounds, 90.7%. (b) During the 
Pretest the same flash cards and proce- 
dures were used to test the 10 conso- 


nant sounds in three positions. Each 
rater compared his agreement with 
every other rater and himself on the 
same subject. The intragroup mean 
agreement was 86.7%: that is, 86.7 % 
of the time the six raters agreed whether 
an omission, a substitution, a distortion, 
or a correct sound was produced. No 
attempt was made to refine this mean 
percentage of agreement into mean 
agreement on omissions, substitutions, 
distortions, and correct sounds. 


Therapy. Speech therapy was pro- 
vided by a staff of three experienced 
speech therapists in each clinic. A chief 
therapist in each clinic administered 
the program and consulted with the 
parents in varying degregs, as noted 
later. Each clinic was in session during 
the same hours of the day; classes were 
one hour in length. Therapy was pro- 
vided four consecutive days weekly 
in each clinic for a period of three and 
one-half weeks. 


The articulation therapy used for 
oth groups might be classified gener- 
ity as the phonetic-placement approach 
'advocated by Van Riper (9, pp. 175- 
184) and described by Berry and Eisen- 
son (1, pp. 163-164). In addition, there 
were games and activities similar to 
those described by Van Riper (9) and 
also his four steps for ear training: iso- 
lation, stimulation, identification, and 
discrimination. Certain aspects of the 
sound-stimulation method of articula- 
tion therapy as discussed by Berry and 
Eisenson (J, pp. 162-163) and Johnson 
and others (5, pp. 126-129) supple- 
mented the phonetic-placement method. 
Mirrors, audio and visual aids, and the 
previously mentioned notebooks were 
utilized by therapists in both groups. 
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Therapists in each clinic were in- 
structed and reminded throughout the 
clinical period to emphasize as many of 
the 10 consonant sounds as children in 
a therapy group required. Each child 
was given speech therapy on all of his 
faulty sounds. For some children this 
meant all 10 sounds. 


Three weekly meetings of the entire 
staff of both clinics were held during 
the course of the clinical period to in- 
crease the homogeneity of therapy 
techniques. During these the techniques 
being used by each therapist were care- 
fully reviewed. 


In both clinics children were as- 
signed for therapy in groups on the 
basis of both their mental ages and the 
consonant sounds with which they had 
problems. The mean number of chil- 
dren in a speew therapy class in the 
experimental group was 5.8 and in the 
control group, 5.5. 


Work with Parents. At the beginning 
of speech therapy for the control group, 
the parents were told simply to attend 
when possible. For the experimental 
group, however, the chief therapist in- 
dicated to the parents that their own 
attendance at the clinic was important 
and necessary.. This therapist developed 
a program for the experimental-group 
parents which was presented at the 
same time that their children attended 
therapy classes. There were daily 30- 
minute lecture discussion periods when 
such topics as these were considered: 
What is a speech problem? How do 
children develop speech? What materi- 
als are needed to help children learn 
to correct speech problems? What is 
ear training and what are the techniques 
of ear training? What are some place- 
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ment techniques and how are they 
used? How can the child be stimulated 
to better speech production at home 
without pressuring or nagging him? 
What devices for ear training can be 
developed that will work at home to 
accomplish speech correction without 
accompanying tension? 

The experimental-group parents ob- 
served speech therapy after the discus- 
sion period each day. In the course of 
the program each parent observed two 
different speech therapists working 
with separate groups of children and 
using techniques which included ear 
training and phonetic placement. Then 
on the day following such observation, 
the parents discussed with the chief 
therapist what had been cbserved and 
how comparable incidents might be 
handled at home. 

The speech therapists who worked 
with the children in the experimental 
group were encouraged, in addition, to 
meet with the parents for a short time 
after each session to give specific advice 
and daily home assignments, the latter 
being written by the therapist for each 
child in a speech notebook. Further- 
more, at the end of the clinical pro- 
gram the therapists listed for the par- 
ents of each child the defective conso- 
nant phonemes requiring more therapy 
and suggested some techniques that 
could be used during the remainder of 
the summer vacation. The parents of 
children in the experimental group 
were told that their children’s articula- 
tion would be evaluated again in Sep- 
tember (three months later). 

The procedure for parents of chil- 
dren in the control group was markedly 
different. No parent here observed 
speech therapy with his child at any 
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time. No specific instructions were pro- 
vided directly to the parents by the 
therapists concerning sounds to be 
stressed at home, the nature of a par- 
ticular child’s speech problem, sugges- 
tions for home help. Each child was 
provided with a speech notebook and 
was given assignments by his therapist 
but the therapist did not explain these 
assignments to the parents of the child. 
If a parent persisted in wanting this 
information, his child was eliminated 
from the study. 


Parents of children in the control 
group met with the chief speech thera- 
pist on three occasions. The chief ther- 
apist avoided talking about techniques 
of helping the child either cn specific 
sounds or in general; he gave no indi- 
cation that such an effort on the part 
of the parents was expected or desired. 
Instead, general topics were discussed: 
how children develop speech, what ar- 
ticulation is, and how teasing affects 
children with speech problems. All 
meetings were brief and controlled by. 
the therapist. If a parent inquired about 
his child or about some specific aspect 
of therapy, a cursory and general re- 
mark was made avoiding specific sug- 
gestions for parental participation at 
home. After three sessions these paren- 
tal meetings were discontinued in the 
control group. No outline for parental 
help during the remainder of the sum- 
mer was provided nor was any refer- 
ence made to the fact that their chil- 
dren’s articulation would be evaluated 
again in September. 


Questionnaire. At the end of the clin- 
ical period the parents of both groups, 
anonymously and by free choice, an- 
swered a questionnaire giving their 


own and their children’s attitudes to- 
ward the clinic and their estimates of 
the benefit their children received from 
attending. Items were scaled by the 
parents on a continuum from Jeast to 
most. For example, for the question, 
‘Did you gain in understanding of your 
child’s speech problem?’ the parent 
chose one of the following: gained 
nothing, gained a little, gained some, 
gained a lot, or gained greatly. 


Results 


A total of 30 articulation errors was 
possible for each subject since each of 
the 10 consonant sounds was tested in 
initial, medial, and final positions. In 
the Pretest 206 articulation errors were 
found in the experimental group (pa- 
rental training) and 234 in the control 
group (no parental training). Of the 
206 errors for the experimental group, 
136 (66%) were substitutions, 37 
(18%) were omissions, and 33 (16%) 
were distortions. Of the 234 for the 
control group, 145 (62%) were substi- 
tutions, 39 (16.6%) were omissions, 
and 50 (21.4%) were distortions. Thus, 
in both groups the substitution type of 
error was found to be approximately 
three times as frequent as either omis- 
sions or distortions. It is to be remem- 
bered, however, that this analysis is 
for the total number of errors without 
reference to individual subjects. This 
finding agrees with the Roe and Milisen 
(7) report on the incidence of types of 
articulation errors in children at these 
age levels. 

Mean differences between the experi- 
mental and the control groups with 
respect to changes in number of errors 
between any two of the articulation 
tests (Pre-, Post- I, Post- II) were eval- 
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uated by the ¢ test for related measures. 
Separate tests were made for correctly 
articulated sounds, for substitutions, for 
omissions, and for distortions. Only 
four of the 12 obtained t values were 
significant. The mean reduction of 
number of substitution errors between 
the Pretest and Post- I test was 1.05 for 
the experimental group and .25 for the 
control group, with the difference sig- 
nificant at the 2% level (t=2.52 and 
df=29; N varies from one test to an- 
other depending upon the number of 
subjects with the type of error tested). 
The corresponding means for the Pre- 
test and Post- II test were 1.86 and 1.22, 
with the reduction of substitution 
errors significantly greater, at the 5% 
level (t==2.21 and df=29), for the 
experimental group than for the con- 
trol group. The mean reduction of 
numbers of omission errors between 
the Post- I test and the Post- II test was 
.90 for the experimental group and 
4.70 for the control group; this differ- 
ence is significant at the 5% level 
(t=2.50 and df=22). The reduction 
of frequency of distorted sounds be- 
tween the Post- I test and the Post- II 
test was 1.15 for the experimental 
group in contrast to an increase of .64 
for the control group. This difference 
is significant at the 1% level (t=2.94 
and df=27). Most of the remaining 
eight differences between the groups 
are quite small and all are nonsignifi- 
cant. 

Both groups of parents indicated by 
their answers to the questionnaire gen- 
erally favorable attitudes toward the 
therapy program. There was, however, 
some tendency for the parents of the 
experimental group to answer all ques- 
tions slightly more positively than the 
control group parents, although differ- 


ences between the groups were not 
statistically significant. 


Discussion. The data in this study 
reveal a trend which suggests that the 
simultaneous training of parents and 
children with functional articulation 
problems may result in more rapid im- 
provement of articulation than would 
be the case if the parents received no 
training. Improvement under these con- 


ditions was most evident in the substi- ~ 


tution type of articulation error, on 
which the experimental group made 
significantly greater improvement than 
the control group, an improvement 
made during the clinical period and 
maintained throughout the entire pe- 
riod of the study. This result is par- 
ticularly interesting since more than 
60% of the articulation errors made 
by each group were of the substitution 
type. Neither group made noticeable 


progress during the clinical period al 


correcting distortions. In fact, the num- 
ber of distortions slightly increased 
during this period for the experimental 
group. After the clinical period there 
was a like increase for the control 
group. These increases are perhaps to 
be expected in view of the findings by 
Roe and Milisen (8), whose study 
points out that substitutions decrease 
with, age and distortions increase with 
age. Parent training may have little 
bearing on reduction of consonant 
sound omissions since neither group 
improved more than the other in this 
respect during the total period of the 
study. The control group, however, 
did show more improvement than the — 
experimental group on omissions dur- 
ing the postclinical period, a significant 
difference for which there is no readily 
apparent explanation. 
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Although some statistically signifi- 
cant differences between groups were 
found, the magnitude of the absolute 
differences may not appear to be of 
clinical importance. It is suggested that 
had the period of the clinics been 
longer, these differences might have 
assumed greater clinical importance 
and that parent training over a longer 
span of time might have resulted in 
more improvement in articulation than 
was the case with this brief period of 
intensive training. 

The results of this study do not pro- 
vide evidence to support Wood’s (11) 
feeling that mothers of children with 
functional articulation problems should 
be dissuaded from helping them at 
home. It should be mentioned, how- 
ever, that the approach in this study 
might not be duplicated in many home 
situations. In this study care was taken 
to develop pleasant, indirect, and anx- 
iety-free suggestions on home assign- 
ments for parents of the experimental 
group. Furthermore, drill work was 
given to very few children and then 


only to selected ones who were judged ; 


to be sufficiently mature mentally and 
emotionally for this kind of therapy. 

The responses to the questionnaire 
were very similar for the two groups 
of parents, although somewhat more 
positive for the experimental group 
than for the control. This lack of dif- 
ference may to some extent be implicit 
in questionnaire studies; also it may in- 
dicate that parents who enroll their 
children in such a program are a select 
group who tend to show appreciation 
and gratitude. 


Summary 


Two groups of children, 36 in each 
group, with functional articulation 


problems were matched on the basis of 
four factors: chronological age, mental 
age, sex, and number of misarticulated 
sounds. Parents of children in the ex- 
perimental group received intensive 
training in techniques of helping their 
children at home. Parents of children 
in the control group received no train- 
ing. 

Articulation tests were administered 
just prior to the 3.5-week clinical 
program, immediately following it, and 
again nine weeks later. The two groups 
showed about the same improvement 
in increasing the mean number of cor- 
rect sounds. The experimental group 
showed more iniprovement by reduc- 
tion of the number of substitutions and 
distortions than did the control group. 
The control group showed a postclinic- 
period reduction of omissions signifi- 
cantly greater than that of the experi- 
mental group. Parent attitudes toward 
the clinic program and their children’s 
improvement, as indicated in question- 
naire answers, were not significantly 
different for the two groups. 
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Sidetone Delay and 


Reading Rate, Articulation, and Pitch 


G. DON DAVIDSON 


In the communication process the hu- 
man organism makes use of an auditory 
system by which he monitors various 
characteristics of his vocalization. This 
hearing of his own speech is commonly 
designated by the term ‘sidetone.’ This 
auditory perception is not simultaneous 
with vocalization. Both the distance 
from the vocal cords to the cochlea and 
the type of medium through which the 
sound must travel effect a delay in the 
arrival of the oral signal at the cochlea. 

In recent years there has been some 
interest in electronically retarding or 
accelerating the normal external side- 
tone delay and then measuring the ef- 
fect of the new transmission time on 


various aspects of speech. After vocaliz- , 


ing under a condition of sidetone re- 
tarded more than the normal amount, 
it has been the subjective experience of 
this writer and others that a sudden 
switch to the normal delay seemed to 
facilitate the speaking process. Going 
from a normal delay condition to an 
accelerated one seemed to produce the 
same sensation but with a more pro- 
nounced effect. 

The possible facilitation of speech 
under accelerated sidetone suggests 
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certain questions. Is there an accom- 
panying change in the precision of 
articulation? Is there a change in pitch 
variability? Is there a change in the 
number of inflections? Is there a change 
in the extent of inflections? Is there a 
change in the mean rate of inflection? 

It was the purpose of this study to 
determine the effect of the external 
sidetone transmission times of approxi- 
mately 0.0005, 0.0010, and 0.0015 sec 
upon the following: (a) the oral read- 
ing rate of normal speakers; (b) the 
precision of articulation; and (c) pitch 
variability as measured by the number, 
the mean extent, and the mean rate of 
inflections. 


Procedure 


Apparatus. Three microphones (con- 
denser type, Altec-Lansing, one Model 
21-B and two Model 21-C with associ- 
ated P518-A power supplies) served 
in the delay unit. A fourth microphone 
(cardioid type, Western Electric, Model 
639) picked up the subject’s speech for 
recording. A three-channel mixer was 
constructed with the use of three T- 
pads (Mallory, 250 ohm, 4 watt); three 
single-pole, double-throw switches; and 
appropriate resistors. The mixer served 
to produce a level signal output from 
all three power supplies. The output of 
the three-channel mixer was sent to an 
amplifier (Presto, Model 85-B). This 
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amplifier in turn fed the signal to the 
subject’s headphones. A tape recorder 
(Magnecorder, Model PT6-P) served 
to provide a recording of the subject's 
vocal responses. An attenuator (Hew- 
lett-Packard, Model 350-A, 6 watt, 500 
ohm) provided a regulation of the sig- 
nal voltage across the subject’s head- 
hones. A voltmeter (Hewlett-Pack- 
ard, Model 400-C) served to measure 
the voltage across the subject’s headset 
and to determine the adjustment of the 
attenuator. The subject received his 
sidetone through a pair of headphones 
(Model ANB-H-1A). The experimen- 
tal sessions were conducted in a room 
that had been padded on the walls, 
ceiling, and floor to minimize rever- 
berations of the subject’s speech which 
might have modified the delay experi- 
ence at his ears. 

Determination of Delay Times. Three 
sidetone delay times were used in the 
experiment: 0.0005, 0.0010, and 0.0015 
sec. The delay time of 0.0010 sec ap- 
proximated the average normal sidetone 
delay time (3). This time was obtained 
in the experiment by placing one of 
the condenser microphones 6 in. from 
and directly in front of the speaker’s 
mouth. A little under 6 in. represents 
the average distance from the lips to 
the tragus. Since the transmission time 
through an electronic system is negli- 
gible in this case, placing the micro- 
phone 6 in. from the mouth approxi- 
mates the normal delay time. Moving 
the microphone in either direction from 
this point would produce a delay time 
longer or shorter than normal. The 
longest delay time, 0.0015 sec, was ob- 
tained by a second microphone placed 
12 in. from and directly in front of the 
speaker’s mouth. The shortest delay 
time, 0.0005 sec, was obtained by plac- 
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ing a third microphone at the right 
corner of the speaker’s mouth. The 
delay times of 0.0005 and 0.0015 sec are 
approximations based on the assump- 
tion of a normal delay time of 0.0010 
sec and on the fact that sound travels 
through the air at about 1000 feet or 
12000 in. per sec or 6 in. in 0.0005 sec. 
Stimuli. The stimulus material con- 
sisted of five five-syllable phrases se- 
lected from the Walker-Black phrases 
(4), a factual 70-word reading passage, 
and Speaker Lists 1 through 24 of 
Forms C and D of the POS Multiple- 
Choice Intelligibility Test (/). 
Subjects. The subjects were 24 col- 
lege-age males with normal hearing. 
None had had previous experience with 
abnormal sidetone delay. 
Experimental Procedure. Each of the 
24 subjects read the five five-syllable 
phrases, the reading passage, and the 
five five-syllable phrases again under 
each of the three sidetone conditions. 
(The five five-syllable phrases were 
read a second time for another purpose 
beyond the scope of this article.) Order 
of sidetone conditions was counter- 
balanced. It was assumed, however, for 
purposes of analysis, that practice 
would have eliminated any order ef- 
fect. In addition, eight of the 24 sub- 
jects each read three Speaker Lists of 
the multiple-choice intelligibility test, 
one for each sidetone condition. The 
order of the sidetone conditions was 
independently randomized for each of 
the eight subjects. Means for conditions 
would thus not be biased by order ef- 
fect. Responses were recorded on tape 
at a speed of 7.5 in. per second. 
Immediately preceding the first ex- 
perimental condition, each subject prac- 
ticed reading the stimulus material 
aloud according to the procedure to be 
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used later. The subject was instructed 
that each of the five five-syllable phrases 
was to be read without pause or hesi- 
tation, with a two-second interval be- 
tween adjacent phrases as signaled by 
the experimenter. The interval between 
the phrases and the reading passage was 
three seconds. The practice procedure 
was repeated three times. Eight of the 
subjects then practiced reading their 
intelligibility lists three times. They 
were instructed to read each word se- 
ries within a list without hesitation and 
as if it were a meaningful phrase. A 
two-second interval came between ad- 
jacent word series within a list and 
approximately three to five seconds be- 
tween lists. During the practice period 
any errors in pronunciation were cor- 
rected, Also during the practice period 
a constant vocal level for any of the 
stimulus material was to be monitored 
on the VU meter of the tape recorder. 
This level was approximately 82 db 
(reference 0.0002 dyne/cm*) as meas- 
ured six inches from the mouth on a 
General Radio sound level meter on 


the C scale. By adjusting the T-pads of 


the three-channel mixer it was possible 
to provide at the headphones a signal 
voltage constant from one delay con- 
dition to another if the subject spoke 
at equal voice levels under all three 
microphone conditions. During the ex- 
periment, because of possible distrac- 
tion from the experimental task, the 
subjects did not monitor vocal level. 
The experimenter observed, however, 
that all subjects tended during the 
experiment to maintain approximately 
the vocal level used during the practice 
period. 

Criterion Measures. 
measure of oral reading 
mean duration of five 


The criterion 
rate was the 
five-syllable 


phrases in seconds determined from 
power-level recorder tracings measured 
in millimeters and converted to seconds. 


The criterion measure of precision 
of articulation was the intelligibility 
score on the multiple-choice intelligi- 
bility test. Tape recordings of the 
Speaker Lists were edited and arranged 
to allow use of the standard scoring 
sheet. These recordings were then pre- 
sented in 70 db of noise (S/N ratio —6 
db to —8 db, reference 0.0002 dyne/ 
cm?) to 23 listeners. An intelligibility 
score was determined for the panel of 
eight speakers under each delay condi- 
tion for each listener. 

The three criterion measures of pitch 
variability were the number, the mean 
extent of inflections, and the mean rate 
of inflections in a selection from the 
reading passage ‘You might think it easy 
to figure out each new idea, but changes 
come slowly.’ This particular sentence 
was chosen because of its relatively 
great pitch variability and because it 
was neither at the beginning nor at the 
end of the passage. The sentence was 
recorded at a speed of 30 in. per second 
and then played at 3.5 in. per second. 
The output of the tape recorder was fed 
to an Edin Oscillograph Pen Writer. 
The resulting tracings were analyzed 
for number of cycles per .04 sec. Fre- 
quencies were converted to semitones 
on the musical scale (2) and the num- 
ber, the mean extent, and the mean rate 
of inflection determined. 


Results 


Oral Reading Rate. Differences among 
the three delay conditions and also be- 
tween the first and second readings 
were significant with respect to mean 
phrase duration in seconds for the read- 
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TaBLe 1. Summary of variance for evaluation of sidetone delays and two readings with respect to 


duration of reading. 











Source df ms F* F “ 
Delay Time (D) 2 .0210 jh ey 3 | 3.20 
Reading (R) 1 .O111 8.54 4.28 
Subjects (S) 23 .0956 
DR 2 .0023 1.77 3.20 
DS 46 .0018 
RS 23 .0013 
DRS 46 .0013 

Total 143 








*F ratios: msp/mspg, msR/mMspg, MSpR/MSpR¢- 


ing of the five five-syllable phrases 
by 24 speakers (see Table 1). Mean 
duration’ decreased with progressively 
shorter delay times. Differences be- 
tween the shortest delay time mean 
and the two longer delay time means 
were each statistically significant. The 
mean duration* of the second reading 
was significantly less than that of the 
first. Consideration of the difference 
between readings, as previously men- 
tioned, is not relevant to the purposes 
of the present discussion. Of impor- 
tance, however, is the fact that, in view 
of the nonsignificant interaction be- 
tween readings and delay times, the 
averages of the two readings may be 
used for the comparisons among delay 
times. 


Precision of Articulation. Differences 
among the three delay conditions on 


*The observed means were 1.322, 1.347, and 
1.363 for the 0.0005, 0.0010, and 0.0015 sec 
delay times, respectively. 

“Required difference (r.d.) for significance 
= t(2MSerror/n)*” r.d. .o5 = 0168; r.d. 01 = 022. 

*The observed means were 1.353 and 1.335 
for the first and second readings, respectively. 


mean intelligibility scores, obtained for 
a panel of eight speakers for each of 
23 listeners, were nonsignificant.* The 
evidence thus does not support the 
hypothesis that precision of articulation 
varies with changes in rate resulting 
from altering sidetone-delay time. An- 
other test than the one employed in 
this experiment (POS Multiple-Choice 
Intelligibility) might, however, result 
in more precise measures and provide 
evidence to support such a hypothesis. 

Pitch Variability. Differences among 
the three conditions of sidetone delay 
for number of inflections used by 24 
speakers in reading of the factual 70- 
word passage were nonsignificant.® The 
effect of the sidetone conditions upon 
mean extent of inflections expressed in 
semitones was, however, highly signifi- 
cant.® The mean extent for the shorter- 
than-normal sidetone-delay time was 


‘F = msp/mSpg(df = 2 and 44) = 13.5/- 
13.6 < 1.00. 

°F = mSp/Mspg (df = 2 and 46) = .39/ 
2.91 < 1.00. 

°F = msp/MSpg = .505/.079 = 6.39, 

Fo. (df = 2 and 46) = 5.10. 
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significantly’ greater than for the other 
two delay times. The effect of the side- 
tone conditions upon mean rate of in- 
flection in semitones per second was 
also highly significant.‘ Again the sig- 
nificant? differences were between the 
shorter-than-normal sidetone-delay time 
and each of the other two delay times, 
with the greatest rate of inflection for 
the shorter-than-normal delay time. 
The results thus provide some evidence 
to support the previously mentioned 
hypothesis that the shorter-than-normal 
delay time facilitates the speaking proc- 
ess. The assumption seems reasonable 
that such facilitation is indicated by the 
significant increases in extent of inflec- 
tion and rate of inflection, as well as 
by a significant increase of reading rate, 
which accompany the shorter-than- 
normal delay time. 


Summary 


The purpose was to evaluate the ef- 
fect upon oral reading of three sidetone 


"y.diios = .159; r.d.io:. = .209. Observed means 
= 2.363, 2.077, and 2.179 for delay times of 
0.0005, 0.0010, and 0.0015 sec, respectively. 

*‘msp)/MSpg = 92.09/8.80 = 10.46; 

Pigs XE = 2: and 46) = 35.10. 

dios == 1.44; r.dior = 1.89. Observed 
means = 22.29, 18.55, and 19.42 semitones per 
second for delay times of 0.0005, 0.0010, and 
0.0015 sec, respectively. 


transmission times: shorter-than-normal 
or 0.0005 sec, normal or 0.0010 sec, and 
longer-than-normal or 0.0015 sec. The 
measures taken were (a) reading rate, 
(b) precision of articulation, and (c) 
three measures of pitch variability: the 
number, the mean extent, and the mean 
rate of inflection. 


Observed reading time increased with 
each increase in delay time; differences 
between the shorter-than-normal and 
each of the other delay times were sig- 
nificant. Extent and rate of inflection 
were significantly greatest for the 
shorter-than-normal delay time. There 
was no evidence that the other variables 
studied were affected by the changes 
in delay times. 
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Lipreading Performance and the 


Rate of the Speaker 


VINCENT W. BYERS 


LEWIS LIEBERMAN 


In an effort to understand better the 
process of lip reading, several studies 
have been conducted in which the re- 
lationship between lip-reading ‘ability’ 
as a trait and other psychological vari- 
ables have been investigated. Lip read- 
ing and such factors as intelligence, per- 
ceptual skills, educational achievement 
and personal adjustment are discussed 
by Heider and Heider (3), O’Neill (5), 
and Pintner (7). O'Neill and Davidson 
(6) have studied concept formation, 
reading comprehension and level of 
aspiration. 

The present study is an investigation 
of the relationship between lip-reading 
performance and the speaking rate of 
the person whose lips are being read, 
speaking rate being a variable more in- 
trinsic to the lip-reading process than 
many of the other factors that have 
been studied previously. With the aid 
of a motion picture camera, it is pos- 
sible to photograph a person speaking 
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and to project this photograph at dif- 
ferent speeds. Since the measurement of 
speech rate (words per minute) is a 
rather nonprecise measurement, the mo- 
tion picture camera introduces a more 
precise control of speaking rate than is 
likely by merely instructing a person to 
speak slower or faster. Also changing 
a speech rate involves a consideration 
of the relationship of phonation time 
and pause time. Use of different projec- 
tion speeds of a camera produces dif- 
ferent rates of speech but preserves the 
original relationship of phonation time 
to pause time. Since speech at ‘normal’ 
rate is already quite rapid, the rates 
chosen for this particular study were 
slower-than-normal. Since reduction in 
rate might produce different effects rel- 
ative to the abilities (calibre) of the lip 
reader, the present study divided the 
subjects, all experienced lip readers, 
into a ‘good’ and a ‘poor’ group. 


Procedure 

Subjects. The subjects were 94 males 
and females, all students at the Ken- 
tucky School for the Deaf, Danville, 
Kentucky. Each had had at least two 
years of formal lip-reading training. 
Since all were required to write simple 
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sentences, a minimum age of 11 years 
was set. 


Materials. As measures of lip-reading 
performance, the two forms of the 
Utley sentence test for lip reading (8) 
were, used. The sentence tests were se- 
lected because of their reported high 
reliability (2, 8) and high validity (2). 
The tests were filmed in order to 
equate stimuli for subjects tested on dif- 
ferent occasions and to insure control 
of speaker rate. Restrictions in amount 
of available film made it necessary to 
reduce the number of items in the Utley 
tests. Form A was reduced from 31 sen- 
tences with 125 words to 24 sentences 
with 91 words. This reduction was ac- 
complished with the aid of data report- 
ed by DiCarlo and Kataja (2): those 
sentences with the greatest number of 
words which correlated poorly with 
the test as a whole were eliminated un- 
til there were 24 left. Sentences elimi- 
nated were numbers 2, 11, 20, 24, 26, 29, 
and 30. This adaptation of Utley’s test 
will be referred to here as the Experi- 
mental Film. Form B also was reduced. 
From 30 sentences with 126 words, 24 
sentences with 86 words were retained. 
Since no correlations were available, 
eliminations were made on an arbitrary 
basis, such as length, stilted English, and 
insufficient difficulty. The following 
sentences were eliminated: numbers 3, 
19, 24, 25, 26, and 29. This adaptation 
of Form B will be referred to as the 
Screening Film. The Screening Film 
included Utley’s five practice sentences 
which were not used in scoring the 
subjects’ performances. 


There were three parts to the film, 
all using the same speaker. The speaker 
was a young female, trained in speech 


and dramatics, who was judged to have 
general American dialect and superior 
speech. She was instructed to speak 
each sentence with the same ‘expres- 
sionless’ countenance in order to cut 
down extraneous visual cues. The cam- 
era was focused to include only the 
head and shoulders of the speaker. 
Make-up, including lip rouge, was not 
used. These measures were taken on 
the advice of DiCarlo and Kataja (2), 
who criticized the Utley films for the 
distraction caused by the arm move- 
ments and the make-up of the speaker. 

The three parts of the film were (a) 
the Screening Film photographed at 
normal speed (24 frames per second); 
(b) the Experimental Film photo- 
graphed at normal speed; and (c) the 
Experimental Film photographed in 
‘slow motion’ (48 frames per second). 
The format’ for each part was the 
same: a title announcing the sentence 
number was flashed on the screen for 
a second; this was followed by a clip 
of the speaker reciting the sentence; 
this was followed by 15 seconds of 
blank film during which the subjects 
could write down the sentence just 
presented. Care was taken that the 
speaker would be seen briefly both be- 
fore she spoke and at the completion of 
each item to prevent a choppy, distract- 
ing presentation. 

The silent films were presented to the 
subjects on a Bell and Howell 16 mm 
projector with two speeds. Each film 
could thus be shown at 16 frames per 
second or 24 frames per second. The 
films were shown in a semidarkened 
classroom in which a maximum of 14 
subjects could be conveniently accom- 
modated. 
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Instructions. Before each session, 
printed instructions were given to the 
subjects. To make sure the subjects 
comprehended them, the instructions 
were reviewed both verbally and man- 
ually by one of the Danville staff. The 
instructions served four purposes: (a) 
to motivate the subjects by telling them 
that this was part of a study to improve 
movies for lip readers, (b) to avoid 
creating a test situation, (c) to explain 
the format, and (d) to encourage sub- 
jects to guess and to write down what- 
ever parts of the sentences they under- 
stood. 


Experimental Procedure. The entire 
sample of 94 subjects was first tested 
with the Screening Film shown at nor- 
mal speed. Subjects wrote their re- 
sponses on specially prepared answer 
sheets. Tests were scored according to 
Utley’s procedure, counting one point 
for each correct word. 

On the basis of the Screening Film, 
the 24 subjects with the highest scores 
and the 24 with the lowest scores were 
selected for the experiment proper 
which was conducted two days later. 
The members of each subgroup of 24 
were randomly assigned to one of four 
experimental groups. In this way, each 
experimental group consisted of 12 sub- 
jects, six good lip readers and six poor 
lip readers. The experimental conditions 
were as follows: Group I (control), 
tested on the normal Experimental Film 
projected at normal speed with a speak- 
er rate of 120 words per minute; Group 
II, tested on the normal Experimental 
Film projected at 16 frames per second 
with a speaker rate two-thirds of nor- 
mal or 80 words per minute; Group III, 
tested on the slow motion Experimental 
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Figure 1. Group means for the good and 
poor lip readers for the number of correct 
words at each of the four speech rate condi- 
tions. The dotted lines connect the adjusted 
means of the analysis of covariance with the 
screening film scores as the predictor variable. 


Film projected at normal speed with a 
speaker rate one-half of normal or 60 
words per minute: and Group IV, test- 
ed on the slow motion Experimental 
Film projected at 16 frames per second 
with a speaker rate one-third of normal 
or 40 words per minute. 

In view of the lack of precision of 
the unit of rate (words per minute), no 
elaborate operations were adopted to 
measure the actual elapsed speaking 
time. The reported rates were calcu- 
lated from measures taken with a stop 
watch during runnings of the film. 
Rates were then rounded off to the 
nearest five words per minute for sim- 
plicity of reporting. 
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Results 


Plotted in Figure 1 are the group 
means for the good and poor lip readers 
at the four rates. For the good lip read- 
ers, the group means are as follows: 
Condition I, 63.33 correct words; Con- 
dition II, 69.50 correct words; Condi- 
tion III, 62.00 correct words; and Con- 
dition IV, 63.17 correct words. For the 
poor lip readers, the group means are as 
follows: Condition I, 15.67 correct 
words; Condition II, 15.67 correct 
words; Condition III, 26.67 correct 
words; and Condition IV, 13.00 correct 
words. 


Tase 1. Analysis of variance of correct responses. 











Source df ms F 
Calibres (C) 1 26226.75  269.90* 
Rates (R) 3 97 .25 1.00 
CR 3 193.03 1.99 


Within cells (error) 40 
Total 47 


97.14 








*Significant beyond .001 level. 


The most deviant mean for the good 
group occurred at 80 words per minute; 
the most deviant mean for the poor 
group occurred at 60 words per minute. 
To test whether there were significant 
differences among the means, an an- 
alysis of variance (Table 1) was em- 
ployed, with calibre (good-poor), rates, 
and interaction (calibre x rates) as be- 
tween-group variables. The only signi- 
ficant result was the difference be- 
tween the means of the good and the 
poor (calibre), which is to be expected 
in view of the way the good and poor 
groups were selected. 

It is possible that, in the random as- 
signment of subjects to experimental 


conditions, true differences were ob- 
scured by chance. To investigate this 
possibility an analysis of covariance was 
employed with the Screening Film 
scores as the ‘predictor’ variable. The 
rates and interaction F ratios were still 
not significant. The adjusted means are 
plotted in Figure 1 (dotted lines) and 
it can be seen that the apparent discrep- 
ancies are no longer as marked. As ex- 
pected, the F ratio for calibre was not 
significant in the covariance analysis. 

Although there were no significant 
differences among means for the four 
rates with respect to the number of cor- 
rect responses, a further consideration 
is the total number of responses which 
subjects made. Results of an analysis of 
variance based on the total number of 
intelligible words each subject pro- 
duced, however, were similar to results 
of the analysis for correct words, with 
calibre being the only significant effect. 

In summary, the results suggest that 
over the range studied, the rate variable 
is not significant in lip-reading perform- 
ance for either good or poor lip readers, 
either in terms of quantity of words 
produced or in number of correct re- 
sponses. 


Discussion 


Although very little has been written 
about the rate variable per se in the lip- 
reading process, the feeling seems to be, 
for example, as stated by Nitchie (4, 


p- 18), that on the continuum of pos- ° 


sible rates, ‘normal’ speech rate is faster 
than optimum lip-reading rate, that is, 
lip reading would be easier if people’s 
normal rate were slower. Unless this 
optimum is below 40 words per minute, 


se 
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the results of this study appear to con- 
tradict this expectation. 

On the other hand, a safe conjecture 
would be that at both ends of the rate 
continuum, at a point too fast and at 
a point too slow, lip reading would be 
impossible. In the section of the con- 
tinuum studied here, there was no no- 
ticeable decline in group performance, 
in spite of the fact that one of the rates 
was one-third of the normal rate and 
in spite of several complaints from the 
subjects that the slow motion films 
were too slow. 

The admonition (/) given to instruc- 
tors of lip reading not to slow down 
their rates is, of course, recognition of 
the fact that lip reading is usually done 
in a situation where speaking rate is 
normal, but this same admonition might 
suggest also that lip-reading skill is not 
adaptable to changes in rate. The pres- 
ent study suggests that the skill is 
adaptable to quite an extensive range 
of clearly distinguishable rates. Before 
such a generalization can be made, how- 
ever, one must know that this adaptabil- 
ity is reversible, that is, that individuals 
taught at slower rates would be just as 
efficient at normal rates. There are no 
experimental data, yet, to settle this 
question. 

The lack of evidence that slowing of 
rate affects the performances of either 
the good or the poor lip readers also 
seems to contradict the expectation of 
certain workers in the field. Nitchie (4) 
seems to feel that one of the factors 
which produces a good lip reader is a 
‘quick mind,’ which he goes on to de- 
scribe as ‘a mind which is quick to re- 
spond to impressions or quick in its re- 
action time’ (4, p. 19). It would follow 
from this that the poorer lip reader 


would improve if it were possible to 
increase his quickness. If one grants 
the equivalence between slowing down 
rate of stimuli and increasing rate of re- 
sponse, this prediction is not substan- 
tiated by the present results. It is pos- 
sible that the element of naturalness of 
face movements, disturbed when the 
film was slowed, might have had some 
effect on the findings. Although this 
was not within the scope of the present 


study, it might be a proper subject for 
further research. 


Summary 


Four groups of experienced lip read- 
ers were chosen from students of the 
Kentucky School for the Deaf. Each 
group consisted of six ‘good’ and six 
‘poor’ lip readers, separated on the 
basis of a filmed lip-reading test and 
randomly assigned to the four groups. 
Fach group was exposed to a filmed 
version of a sentence iip-reading test 
(adapted from Utley); the first group 
viewed the film at ‘normal’ rate (120 
words per minute), the second group 
saw the film at two-thirds that rate, the 
third at one-half that rate, and the 
fourth group at one-third that rate. Re- 
sults showed no significant differences 
among the four rates either in number 
of words correct or in quantity of 
words produced for either the ‘good’ or 
‘poor’ lip readers. Neither was there 
any significant interaction effect be- 
tween calibre (good-poor) and rates. 
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Speech Pickup by Contact Microphone 
at Head and Neck Positions 


JOHN C. SNIDECOR 
IRVING REHMAN 


DAVID D. WASHBURN 


In certain military operations it would 
be desirable to pick up speech by a 
contact microphone from a source 
other than the front of the mouth for 
the following reasons: (a) in aircraft 
the microphone would not interfere 
with oxygen equipment; (b) the valve 
pops and breathing hisses of the oxy- 
gen equipment would not affect speech 
intelligibility; (c) the possibility of in- 
juries to the mouth and teeth would 
be minimized when the pilot bails out 
of an aircraft at high speed; (d) in high 
noise levels, such as those in the vicin- 
ity of jet aircraft during ground opera- 
tions, communicators would gain some 
advantage from observing lip move- 
ment; (e) certain pickup locations are 
better for noise shielding; for example, 
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an ear canal microphone can be shield- 
ed by a helmet or by muffs and a hel- 
met, and a contact microphone on the 
forehead or mandible by a helmet. 

One disadvantage of such applica- 
tion is apparent: vibratory speech pick- 
up from these locations suffers some 
distortions and attenuation when com- 
pared to speech picked up in the air 
in front of the mouth. 

Recent investigations by Mullen- 
dore (9), Békésy (2), Moser, Dreher, 
and Oyer (8), and University of Iowa 
researchers (1) show that pickup of 
vibratory energy during vocal produc- 
tion varies over a considerable range 
according to the pickup site on the 
head, neck, and other upper body 
parts. 

The Békésy data (2) and the data 
of Moser, Dreher, and Oyer (8) indi- 
cate that, in general, as distance from 
the larynx increases, pickup intensity 
decreases. There are, however, rever- 
sals in this trend. In the lowa data (1), 
pickup intensities at the sternum, el- 
bow, and shoulder were relatively high. 

The present preliminary study is 
part of a larger program oriented to- 
ward the selection of microphones and 
pickup sites which give satisfactory in- 


September 1959 





278 Journal of Speech and Hearing Research 






q 
uy 7 os Forehead (6) 


W\h----Nose (4) 


(7) €ar conai insert-\-\------- oo ~ PD 77-Zygomo (8) 


(5) Mastoid-- 


-"--Mandibie(2) 


” 
PS -- -- Chin (3) 


[ i eat re eee Lorynx(i) 


Figure 1. Anatomical locations used for vi- 
bratory speech pickup with a contact (crys- 
tal) microphone. 


telligibility, quality, and usability under 
high ambient noise conditions. Divided 
into two parts, the present study inves- 
tigates (a) the relative power of the 
vowels [i] (meet), [e] (met), [9] 
(loss), and [u] (room); and (b) the 
relative quality preference for a stand- 
ard sample of continuous speech (4) 


as picked up by a crystal vibration mi- . 


crophone at eight different locations on 
the head and neck. 


Procedure and Results 


Relative Power of Vowels. A Brush 
VM-1 Vibromike (crystal) was used 
as the contact microphone. Magnetic 
tape recordings were made of speech 
picked up from each of eight locations 
on the head and neck of an experienced 
talker (see Figure 1). At each location, 
five recordings were made for each of 
four vowels, [i], [e], [5], and [ul]. 
These five trials were made by remov- 
ing and replacing the contact micro- 
phone five times during continued 
phonation of each of the four vowels. 


A short speech sample also was re- 
corded at each position. 

The talker monitored his phonation 
at 82 db on the C (flat) scale of a Gen- 
eral Radio sound level meter, with its 
microphone approximately 14 inches 
in front of his lips. Simultaneous mag- 
netic tape recordings were made of the 
output from each of these microphones 
(sound level meter and VM-1). Com- 
parisons of Bruel and Kjaer power-level 
tracings from both recordings permit- 
ted correction of data for variations in 
vocal effort. Speech-power data were 
based upon these corrected Bruel and 
Kjaer tracings. The speech-sample re- 
cordings were used to judge intelligi- 
bility and pleasantness of quality in the 
second part of the experiment. 

A three-way analysis of variance 
(four vowels, eight locations, and five 
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Ficure 2. Mean levels (five trials each) for 
each of the four vowels, [i], [e], [9], and [ul, 
as well as the overall means for all four 
vowels (connected points with arrows) 
picked up by contact microphone at each of 
eight head and neck locations. Open circles 
indicate averages of data for all vowels at 
comparable locations of the study by Moser 
and others (7). 
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trials) was run to determine whether 
the differences among vowels and 
among locations were significant with 
variance among trials used as the error 
term. Figure 2 shows the mean (over 
five trials) level for each of the four 
vowels for each pickup location. The 
differences among locations are signifi- 
cant at the 0.1% level while the differ- 
ences among vowels are significant at 
the 1% level. The open circles in Fig- 
ure 2 are the averages from the Moser 
and others (7) study and agree quite 
well with the results of the present 
study in regard to speech power among 
locations. The results of this study 
show that the vowel [u] has the high- 
est average power while [e] has the 
least. The means plotted in Figure 2 
indicate that each of eight locations 
supplies enough energy to be poten- 
tially useful. 


Quality Preference. The authors 
judged the intelligibility of the record- 
ed speech samples picked up by the 
contact microphone, basing their judg- 
ments on a five-point scale (poor, fair, 
average, good, and excellent). They 
judged the speech picked up from the 
mandible, chin, nose, mastoid process, 
forehead, and ear-canal insert to be 
good; and from the larynx (thyroid 
cartilage) and zygoma to be average. 
With regard to the larynx, this conclu- 
sion has been reached by other ex- 
perimenters doing research on throat 
microphones. Since intelligibility was 
judged to be approximately equal from 
six of the locations, quality was evalu- 
ated to select the locations presenting 
speech of the most pleasing quality. 

The authors were under the impres- 
sion that three of the locations giving 


Taste 1. Paired comparison preferences of 24 
judges for quality of speech picked up at eight 
positions on one talker; also chi square test scale 
results. 











Position Total Scale 
Preferences Value 

Forehead 140 1.340 
Mastoid 93 -445 
Larynx 93 .445 
Seventh cervical vertebra 90 -407 
Zygomatic arch 70 324 
Temporo-mandible joint 69 122 
Mandible 63 .042 
Nose 50 .000 








good intelligibility might scale quite 
differently on listener preference rat- 
ing. First, the forehead gave relatively 
clear, crisp speech with good consonant 
articulation. Second, the mandible gave 
speech easy to understand, but not es- 
pecially pleasant in quality. Finally, the 
nose bridge (nasion) gave good intel- 
ligibility, but also had a nasal, strident 
quality and loud breath sounds. 

A brief sample of speech from each 
of the eight positions was compared 
once with a similar sample from each 
of the other positions by the method 
of (A-B) paired comparison and forced 
preference choice. Twenty-four ad- 
vanced college students majoring in 
speech correction and phonetics served 
as judges. They were instructed to state 
a preference for one speech sample 
from each of the 28 pairs of samples. 

The scaling of these judgments was 
computed by a method developed by 
Guilford (6), and the results are shown 
in Table 1.1 Speech from the forehead, 


‘Statistical computations on paired com- 
parisons and scaling were done by Dr. Francis 
P. Leukel of San Diego State College, San 
Diego, California, 
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the mandible, and the nose were fa- 
vored in that order when only the 
three locations were considered. All 
three were significantly different, at 
the 1% level (df = 2), from the pref- 
erence pooled for the other seven judg- 
ments. Differences among the three 
were not statistically evaluated because 
of the post hoc logic involved, which 
disallows such statistical treatment. Chi 
square for differences in preference as 
compared to a random distribution 
among the eight locations is 63, which 
is statistically significant at the 1% 
level (df <= 7). 

It is clear that speech from the fore- 
head was very much preferred by the 
group, while speech pickup from the 
nose was the least preferred. It should 
be emphasized that in service situations 
listener preference is secondary to 
intelligibility. 


Conclusions 


On the basis of power, judged intel- 
ligibility, and listener preference, one 
can assume that the forehead, mastoid, 
and larynx are favored for additional 
study. On the basis of power and po- 
tential intelligibility, the mandible, ear 
canal, and nose merit further study 
even though the qualities from the nose 
and mandible are less preferred. Lower 
power and preference probably exclude 
the zygomatic arch. 

Final acceptance of instruments and 
points of pickup depend not only upon 
intelligibility and quality in quiet, but 
also upon other factors, including intel- 
ligibility in noise, convenience of place- 
ment, and comfort. Research in prog- 
ress indicates that the Brush VM-1 may 


be placed in such a way that it is com- 
fortable and convenient but low in 
noise discrimination. Since it was not 
designed for the application herein 
studied, no criticism is implied in terms 
of the functions for which it was 
designed. Intelligibility tests in noise 
appear desirable for some of the loca- 
tions explored. Contact microphones, 
either crystal or dynamic, may soon be 
available which will better meet serv- 
ice criteria for comfort, convenience 
of placement, and intelligibility in high- 
level ambient noise. 


Summary 


Preliminary investigation based on 
one talker was made into the intensity, 
intelligibility, and quality preference of 
speech recorded from a contact trans- 
ducer (vibration microphone) at vari- 
ous head locations. From each location, 
the vowels [i], [e], [9], and [u] and 
a short speech sample were recorded on 
magnetic tape, from which sound-level 


“tracings were made. Twenty-four 


judges rated the recorded speech by 
A-B paired comparisons for pleasing 
quality. Intelligibility was judged by 
the authors. The following locations 
give promise of being suitable pickup 
positions during military duties requir- 
ing that no lip or free-field microphone 
be used: forehead, mastoid process, lar- 
ynx, mandibular angle, ear canal, and 
nose. 
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Voice Quality and Anxiety 


CHARLES F. DIEHL 
RICHARD WHITE 


KENNETH W. BURK 


Despite a considerable mass of litera- 
ture in the area of voice and personality 
(1, 6) only three studies, known by 
the authors, have investigated the re- 
lationship between voice quality and 
personality traits. Duncan (J), using a 
sample of college students, compared 
scores on the Bell Adjustment Inven- 
tory with judgments of vocal efficiency 
and found positive correlations between 
low social adjustment and_ inefficient 
use of quality, pitch, and force. The 
most significant and stable correlations 
were between voice quality and low 
social adjustment. In a further study, 
Duncan (2) compared Bell Adjustment 
Inventory scores of 22 persons having 
functional hoarseness with those of a 
control group free of vocal anomalies. 
Ten subjects in the hoarse group dif- 
fered importantly from the control 
group in home adjustment scores. 


Moore (5), using the Bernreuter Per- 
sonality Inventory, compared 43 col- 
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lege students with superior speaking 
voices and 119 college students whose 
voices were classified variously as 
breathy, harsh, metallic, and whiny. 
Analysis of results indicated that (a) 
the speaker with a breathy voice is 
likely to be high in neurotic tendency 
and introversion, (b) the speaker with 
a harsh and metallic voice tends to 
be dominant and emotionally stable, 
and (c) the speaker with nasal whine 
tends to be emotionally unstable and 
low in dominance although somewhat 
more dominant than the breathy 
speaker. 

The data reported in these studies 
seem generally to provide evidence of 
a relationship between voice quality 
and personality adjustments. However, 
since many of the,correlations are low, 
and measuring instruments used may 
have questionable validity, any con- 
clusions based on these data can be 
considered only as tentative. On the 
other hand, there appears to be no evi- 
dence which tends to refute a hypoth- 
esis associating voice quality with per- 
sonality manifestations. 

The present article reports the re- 
sults of an investigation in which an 
answer was sought to the following 
question: What is the relation of voice 
quality to anxiety as measured by the 
Taylor anxiety scale? It was assumed 
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for the purposes of this study that the 
several voice quality deviations to be 
considered could be identified as clin- 
ical entities. 

Anxiety, defined as a ‘free-floating 
anticipatory fear reaction, (7), was 
measured with the Taylor personality 
scale of manifest anxiety. On the basis 
of construction and reported perform- 
ance, the Taylor scale (4) appears to 
have at least fair validity for certain 
purposes: that is, the anxiety scale 
scores are significantly related to clini- 
cal judgments of anxiety in psychiatric 
cases. Also, according to three studies 
by Taylor (7), the scale has a test- 
retest reliability of .89, .82, and .81, 
respectively. 


Procedure 


Subjects were 169 males and 10 
females, with a mean age of 25 years, 
selected randomly from college stu- 
dents enrolled in two seminaries, one 
in Lexington, and one in Louisville, 
Kentucky. The subjects came from 28 
states. States with largest representation 
were: Kentucky, 41; Ohio, 20; Vir- 
ginia, 16; Illinois, 13; California, Ten- 
nessee, and Alabama, each nine. The 
remaining 51 subjects were about 
equally distributed among the remain- 
ing 21 states. 

Each subject was asked to read the 
same passage from the Bible, Matthew 
5, which was chosen because it was 
believed to be familiar to all subjects. 
Each subject was instructed to read the 
passage as if he were in the pulpit Sun- 
day morning and no subject was per- 
mitted to study the passage prior to the 
reading. All readings were recorded 
with the same equipment by the same 


experimenter in approximately the same 
situation (a small room with no other 
individuals present). Three of the sub- 
jects who demonstrated severe hoarse- 
ness during the voice recordings were 
referred to an otolaryngologist for ex- 
amination. The medical reports for 
these three subjects were negative. Sub- 
jects who admitted having a cold, sore 
throat, or respiratory disorder of any 
kind, were asked to reschedule their 
recordings for a later date when they 
were well. 

The Taylor scale was completed by 
all subjects either singly or in groups 
after the recordings were made. All 
subjects were assigned a code number 
for both recording and test, and were 
assured that they would remain anony- 
mous. 

The recordings were judged by the 
three authors in the following manner: 

During the first of two listening 
sessions, all recordings were judged for 
‘normal’ or ‘defective’ voice quality. 
Voice quality was labeled ‘defective’ 
if in the opinion of each judge it devi- 
ated sufficiently from ‘normal’ to war- 
rant clinical attention. In all cases 
where judges could not reach unani- 
mous agreement, the subjects were 
eliminated from the sample. Recogniz- 
ing the possibility of certain regional 
characteristics of speech among the var- 
ious subjects, the judges attempted to 
control this variable. They agreed in 
advance, for example, that a voice 
would be called defective in nasality 
only if it evidenced more nasality than 
that which could be attributed to re- 
gionalism. Judges were not familiar 
with the anxiety scores of the subjects 
during the listening sessions. 

The second judgments were made 
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Taste 1. Summary of analysis of variance for 
testing differences among voice quality groups 
(normal, hoarse-breathy, nasal, and harsh) with 
respect to mean anxiety scores. 











Source df ms F F o1 
Between groups 3 237.91 4.44 3.89 
Within groups 171 53.57 


Total 174 








only on those subjects classified as 
‘defective.’ Each judge was instructed 
to place each subject into one of three 
categories of predominant defective- 
ness: harsh, nasal, or hoarse-breathy. 
Fairbanks’ (3) definitions of four basic 
voice quality types (harsh, nasal, 
breathy, hoarse) were used as a basis 
for these classifications. His hoarseness 
and breathiness categories were com- 
bined into one on the basis of a pilot 
study in which the three experimenters 
concluded that hoarseness and breathi- 
ness, in their opinions, had certain sim- 
ilar acoustical characteristics and could 
be assigned by them with greater valid- 
ity to a single group (hoarse-breathy) 
than to two groups (hoarse, breathy). 


Results 


Of the 178 subjects, 113 were judged 
‘normal’ and 62 ‘defective’ in voice 
quality. Three subjects, about whom 
the judges could not agree, were elimi- 
nated from the sample. 

The 62 subjects judged as having de- 
fective voice quality were categorized 
into the following groups: harsh, 19; 
nasal, 18; and hoarse-breathy, 25. None 
of the subjects with a voice deviation 
was eliminated for lack of agreement 
as to predominant type of defectiveness. 

According to analysis of variance of 


mean anxiety scores of four groups 


(normal, harsh, nasal, hoarse-breathy), _ 


differences among groups were signifi- 
cant beyond the 1% level (see Table 
1). The group means and results of the 
significance of differences among group 
means are given in Table 2. The mean 
of the anxiety scores for the hoarse- 
breathy group is significantly greater 
than the mean for the normal group 
and also the mean for the harsh group. 
Other comparisons between groups 
were not significant. 


Conclusions and Discussion 


Any evaluation of the data must take 
into account the artificial and circum- 
scribed character of the testing situa- 
tion, the limited nature of the sample, 
and the special meanings assigned to 
‘normal’ and ‘defective’ as applied to 
speech qualities. The results, in general 
and within those boundaries, support 
those reported by Duncan and Moore. 
The assumption must be made, how- 
ever, in comparing Duncan’s results to 


TaBLE 2. Results of ¢ tests between mean anxiety 
scores* on the Taylor scale of manifest anxiety; 
groups compared: normal (1), hoarse-breathy (2), 
harsh (3), and nasal (4). 











Groups N Mean SEgif, + 
1 113 12.64 1.74 3.31 
2 25 18.40 
1 113 12.64 1.63 .07 
3 19 12.53 
1 113 12.64 1.95  .90 
4 18 14.39 
2 25 18.40 2.19 2.68** 
3 19 12.53 
2 25 18.40 2.44 1.64 
4 18 14.39 
3 19 12.53 2.36 .79 
4 18 14.39 








*The 50th percentile on the Taylor = 13. 
{Significant at the 0.1% level. 
**Significant at the 2% level. 
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the present ones, that poor social and 
home adjustment (which she found 
correlated positively with inefficient 
use of voice quality and hoarseness, re- 
spectively) are related to anxiety states. 

The evidence from Moore’s study 
(in which he found positive correla- 
tions between breathiness and neurotic 
tendencies and introversion, and be- 
tween harshness and dominance and 
emotional stability) is supported by the 
present results. On the basis of Moore’s 
data it is reasonable to predict more 
anxiety for a hoarse-breathy group than 
for a normal or a harsh group. Since 
such a prediction is substantiated by the 
results reported here, a positive rela- 
tionship between hoarseness-breathi- 
ness and anxiety, and a lack of relation- 
ship between harshness and anxiety 
seem more defensible than previously. 

There is no immediate explanation 
for failure to find a relationship be- 
tween nasality and anxiety in this study, 
a result which might be predicted on 
the basis of Moore’s conclusion that a 
speaker with nasal whine tends to be 
emotionally unstable and low in domi- 
nance although somewhat more domi- 
nant than the breathy speaker. Some 
part of the reason for this failure might 
be found in possible differences be- 
tween ‘nasality’ as used in this study 
and ‘nasal whine’ as used in Moore’s 
study, a voice quality for which he 
gives no definition. 

The shifting circumstances under 
which all individuals speak, the inter- 
relationship of all the voice variables 
during spontaneous speech, and the 
lack of appropriate instruments with 
which to isolate and measure both voice 
and personality variables under realis- 
tic conditions, make definitive research 
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in this area difficult. There seems evi- 
dence to justify further research into 
the relationship between voice quality 
and personality. 


Summary 


The purpose was to investigate rela- 
tionships between voice quality and 
anxiety as measured by a personality 
scale of manifest anxiety (Taylor A). 
The subjects, 178 seminary students, 
read orally a passage from the Bible. 
They were instructed to read as if in 
the pulpit Sunday morning. The voices 
were judged and classified under the 
following voice qualities: normal, harsh, 
nasal, hoarse-breathy. The four groups 
were compared on the basis of scores 
on the anxiety scale. The results indi- 
cated, within the limits imposed by the 
experimental situation, that persons 
with hoarse-breathy voices are more 
anxious than (a) persons with normal 
voices and (b) persons with harsh 
voices. 
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Experimental Blockage of Phonation 
by Distorted Sidetone 


COURTNEY STROMSTA 


The relative importance of feedback 
systems to the neuromuscular synergy 
necessary for speech has been theorized, 
at least since the advent of cybernetics 
(33). Research concerning one such 
system, termed sidetone and constituted 
by the hearing of one’s own speech via 
bilateral bone-tissue and air-conduction 
pathways, has demonstrated a close re- 
lationship between auditory perception 
and speech. Black (8) and Lee (19, 20), 
utilizing a 0.18- to 0.20-sec delay of 
air-conduction sidetone, observed in- 
creased intensity, slower rate, and a 
disturbance to speech similar to stutter- 
ing. On the other hand, acceleration of 
air-conduction sidetone was observed 
by Peters (25) to facilitate the rate of 
speaking. Dolch and Schubert (1/) 
have reported that when accelerated 
air-conduction sidetone was transmitted 
to the ears 180 degrees out-of-phase to 
the signal emitted at the mouth, the 
subject experienced harshness of voice 
and spoke with greater effort, at a 
slower rate, and with increased inten- 
sity. 





Courtney Stromsta (Ph.D., Ohio State Uni- 
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Little information is available that 
would explain the underlying system 
being affected by delayed air-conduc- 
tion sidetone. Electrophysiological re- 
sults by Baccaro (4) indicated that cor- 
tical potentials were significantly great- 
er in amplitude and lower in frequency 
for subjects reading under a condition 
of 0.20-sec delay as compared to no 
delay. Fairbanks and Guttman (12) 
theorized ‘. . . that disturbed articula- 
tion and increased duration are “direct 
effects” of the delay; that greater 
sound pressure and higher fundamental 
frequency are “indirect effects,” evi- 
dencing “effort to maintain system con- 
trol” and to “resist experimental inter- 
ference with the response”; and that 
articulatory disturbance is the “primary 
effect”. ... 

Vocal cord activity as well as speech 
per se has been reported to have been 
affected by auditory perception. Van- 
nier, Saumont, Labarraque, and Husson 
(31) studied the effects on phonation 
of shifting the phase of air-conduction 
sidetone, using a vowel sustained in 
falsetto as the signal. On the basis of 
stroboscopic examination they reported 
a rapid intermittent blockage of vocal 
cord activity within a phase interval, 
which, when translated into time, was 
of the order of 0.7 to 0.8 msec. The 
blockage reportedly occurred only 
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when the vowel was sustained in fal- 
setto and at a low level in accompani- 
ment with the altered sidetone trans- 
mitted to the ears with ‘high amplifi- 
cation.’ 

The explanation offered for the block- 
age of vocal cord activity presupposed 
a cochleorecurrential reflex. Husson 
(18) conceived of the following path- 
way for the reflex arc: auditory nerve, 
cochlear nuclei, reticular formation, 
sensory and motor nuclei of the tri- 
geminal, recurrent motor nuclei, and 
laryngeal musculature. As described 
by Vannier and others (31) a recurrent 
nerve synapse enters a refractory period 
lasting 0.7 to 0.8 msec subsequent to 
the arrival of an auditory nerve impulse 
and is therefore not excitable during 
that period. If a nerve impulse arrives 
at the synapse during that period, the 
departure of any recurrent nerve im- 
pulse is blocked. 

Implicit in the foregoing experi- 
mental results and ensuing theorizations 
would seem to be a system which, 
when its limiting conditions are ex- 
ceeded, reflects itself peripherally as 
speech or voice variations. If it can be 
assumed that the controlling factor is 
a composite signal transduced by the 
basilar membranes to the central ner- 
vous system which in turn must inte- 
grate or correlate the transduced sig- 
nals, then it is apparent that the aggre- 
gate effect of bilateral bone-tissue and 


"As formulated by Husson (17, 18), the 
neurochronaxic theory of phonation purports 
that the vibration of the vocal cords is di- 
rectly controlled by rhythmic neural activity 
that originates in the encephalon and is trans- 
mitted by the recurrent laryngeal nerves so 
that the muscle fibers of the larynx respond 
to the impulses ‘coup pour coup.’ As further 
implied, the pulmotracheal bellows as well as 
the approximated vibrating cords are re- 
quired for sound production (26). 
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air-conduction sidetone must be appre- 
ciated. 

In this regard available theory and 
basic information allow only a first 
approximation as a frame of reference. 
Békésy (5) has stated that the experi- 
ence of air-conduction sidetone can be 
considered as equal in magnitude to 
that of bone-tissue sidetone. Nonethe- 
less there are reasons why their simi- 
larity can be questioned in terms of 
spectral parameters, that is, frequency, 
amplitude, and phase. 

First, an approximation of the bone- 
tissue signal spectrum for the vowel 
[i] has been reported (3) not to be 
consistent with the air-conduction sig- 
nal spectrum. 

Second, head resonance would be ex- 
pected to affect the amplitude of bone- 
tissue sidetone components, a factor 
that is nonexistent via air conduction. 

Third, a complex air-conduction sig- 
nal cannot be assumed to be phase dis- 
torted in transmission, in view of the 
fact that the degree to which the veloc- 
ity of sound is dependent on frequency 
in air is negligible. On the other hand 
Franke (14) found the propagation 
velocity of skull vibration to be a func- 
tion of frequency. Additionally, where- 
as air-conduction sidetone is transmitted 
by means of compressional wavefronts, 
bone-tissue sidetone can be thought of 
as transmitted by both shear and com- 
pressional wavefronts or by a combina- 
tion of the two if surfaces are involved 
in the pathways (16). In this respect 
it is important to consider the differ- 
ence of propagation velocity inherent 
in the different types of propagation. 
Still another factor should be consid- 
ered as conducive to phase distortion 
of the bone-tissue signal. Békésy (6) 
and Franke (14) established that vibra- 
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tion of the skull results in nodal lines 
of compression? of the skull as a func- 
tion of frequency. The data of Franke 
showed a nodal line close to the ana- 
tomical position of the cochleae at 300 
cps and nodal lines anterior to the coch- 
leae at all higher frequencies. This is 
of interest when it is realized that a 
phase reversal of the signal can be ex- 
pected across any such nodal line. 

Fourth, the fact that a pure tone 
heard by bone-tissue conduction can be 
cancelled completely by phase and 
amplitude adjustments of simultane- 
ously presented pure tones of the same 
frequency by air conduction has been 
utilized by many researchers. The addi- 
tional fact that cancellation of complex 
tones cannot be attained with broad- 
band phase shifters (/7) would tend to 
show that the spectrum of bone-tissue 
sidetone is not comparable to that of 
air-conduction sidetone. 

The foregoing context illustrates that 
phonation as well as speech per se is 
affected or controlled by audition con- 
current to the activity. If the ‘control 
signal’ can be assumed to be a com- 
posite of bone-tissue and air-conduction 
sidetone transduced to the central ner- 
vous system then facts related to the 
pathways of sidetone would tend to 
indicate that the composite signal is 
possibly an aberration of the actual 
acoustic event. If this be the case, the 
extent of aberration inherent in the 


*The entire skull is displaced as a rigid 
body when the front portion is vibrated at 
low frequencies. At higher frequencies the 
front and back portions of the skull are dis- 
placed in opposite directions, that is, the 
displacement of the back portion, due to its 
inertia, does not parallel that of the front 
portion as the more elastic middle portion 
is compressed. The compressed portion does 
not exhibit displacement and is referred to 
as the nodal line of compression, 


normal speaker in a conventional acous- 
tic environment speculatively must fall 
within the limiting conditions of the 
auditory control system whereas cer- 
tain experimentally induced aberrations 
would be seen as exceeding the limits 
of the control system as shown by 
quantifiable variations. In like manner, 
it is tempting to think that certain diffi- 
culties of speech are due to inherent 
aberration that exceeds the limits of 
the control system. 


The Problem 


Any interference with the produc- 
tion of speech or phonation, whether 
artificially produced or neuromuscu- 
larly inherent, is provocative to the 
student of speech science. This is 
shown, in part, by the abundance of 
confirming and expanding literature 
with regard to the effects of delayed 
sidetone. In contrast is the paucity of 
literature concerning experimentally 
induced blockage of phonation, except 
in a contraindicative vein (2). The 
present paper was a result of the 
author’s attempt to duplicate the in- 
duced blockage of phonation. 

Early in the attempt it became ap- 
parent that the effects of altering the 
phase of the vowel signal heard by air 
conduction were not easily discernible 
even with ‘high amplification’ unless 
the vowel signal was distorted, for ex- 
ample, by improper use of the line pre- 
amplifiers. With a nondistorted fal- 
setto-vowel signal fed back at a 100-db 
sound-pressure-level output of the ear- 
phones, a vowel flutter was noticed and 
bodily sensations were reported incon- 
sistently by the experimental subjects. 
This was in contrast to the highly con- 
sistent stoppage or blockage of phona- 
tion and perceived bodily sensations 
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Ficure 1. A block diagram of the instrumentation. 


provoked by distorting a vowel sus- 
tained in falsetto and feeding it back 
to the ears at relatively low sound pres- 
sure levels in phase to that of the emit- 
ted vowel. The latter fact along with 
the suspected aberration of the normal 
sidetone experience served as motiva- 
tion for the investigation. 

The primary purpose of the investi- 
gation was to determine the influence 
of air-conduction sidetone spectrum 
distortion on the phonation of a sus- 
tained vowel. A secondary aim was to 
probe the relationship of phase and dis- 
tortion of the signal to the experi- 
mental effect of phonatory blockage. In 
addition, the reactions of the subjects 
to the experimental effects were noted. 


Instrumentation 


A block diagram of the instrumenta- 
tion is shown in Figure 1. The emitted 
vowel was picked up by a six-inch 
probe tube and transmitted via a con- 
denser microphone system (Altec, 
Model M14) to a pair of series-con- 
nected preamplifiers (Presto, Model 
40-B), the second of which was used 
to control the percentage of signal dis- 


tortion. The output was filtered (Alli- 
son, Model 2AR), power amplified 
(Western Electric, Model 124), atten- 
uated (Hewlett-Packard, Model 350B), 
and terminated on receivers (Perma- 
flux, Model PDR3). The receivers were 
calibrated to be in phase with each 
other as well as with the input signal 
by means of an artificial ear (Bruel- 
Kjaer, Model 4109) and a phase angle 
meter (Acton, Model 320-AB). The 
receivers were mounted in extremely 
tight fitting muffs (David Clark, Model 
372-8C-M) to prevent feedback from 
the receivers to the microphone. 

An oscilloscope and a voltmeter en- 
abled the subjects to monitor visually 
the fundamental frequency and the 
sound level of their sustained vowels. 
The amplified output of the micro- 
phone was filtered (Allison, Model 
2AR) and formed a circular Lissajous 
figure on the oscilloscope when it 
matched the output frequency of an 
audio-signal generator (General Radio, 
Model 1304-B). The sound pressure 
level was indicated by a vacuum-tube 
voltmeter placed across the output of 
of the first preamplifier. A dual-beam 
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oscilloscope was used by the experi- 
menter to monitor the waveforms at 
the outputs of the first preamplifier and 
the power amplifier. The output signal 
of the attenuator was monitored and 
controlled on the basis of a vacuum- 
tube voltmeter across the line at that 
point. A power level recording (Sound 
Apparatus, Model HPL) was made 
from the output of the first preampli- 
fier through a band-pass filter (Krohn- 
Hite, Model 310-A) that excluded 
high-frequency breath noise. 


A second part of the investigation 
necessitated an audio-signal delay unit 
and an electronic phase shifter. The de- 
sign of the delay unit enabled the re- 
produce head to be minutely positioned 
in a continuous manner relative to the 
record head along the continuum that 
represented .02- to .25-sec delay. The 
electronic phase shifter was continu- 
ously variable through 360 degrees at 
either of two resonant points, 150 and 
350 cps. At either frequency the ampli- 
tude variation was less than 1 db 
through 360 degrees and the effective 
phase shift was less for frequencies 
lower than and greater for frequencies 
higher than the resonant frequency. 


Procedure 


Eight normal-hearing male college 
students who served as experimental 
subjects in the first portion of the study 
were requested to practice sustaining 
the vowel [u] in falsetto at a funda- 
mental frequency of 350 cps and at 
the lowest sound pressure level condu- 
cive to continuous phonation. Subse- 
quent to the practice an identical pro- 
cedure was followed as each subject 
experienced two conditions in each of 
four sessions, the rank order of con- 


ditions being reversed for each suc- 
ceeding session. A minimum of two 
hours separated all sessions. 


The diaphragm of the microphone 
was positioned 13 cm from the incisors 
with the probe tube extending into the 
oral cavity approximately 2 cm. With- 
out the earphones on, the subject es- 
tablished and monitored the funda- 
mental frequency of his vowel by a 
circular Lissajous figure on the oscillo- 
scope. The lowest sound pressure level 
of the vowel that permitted continuous 
phonation was noted in terms of volt- 
age and the needle position of the 
meter was used throughout the session 
as a monitor level by the subject. When 
the level and frequency of the vowel 
were established, the attenuator and the 
pen amplitude of the power level re- 
corder were adjusted. The carphones 
were placed on the subject in a sys- 
tematic manner and the session initiated 
without the subject knowing which 
condition was to be first. The subject 
signaled throughout the periods re- 
quired for replenishing his breath sup- 
ply and the power level recording was 
marked accordingly. 

The two experimental conditions 
differed in terms of signal only, one 
having no appreciable nonlinear dis- 
tortion, the other having 62.5% non- 
linear distortion.’ Both signals were 


*A 350-cps sinusoidal signal was used as the 
input signal to be distorted by the system 
for calibration purposes. A frequency analysis 
of the distorted signal (Bruel-Kjaer Audio 
Spectrometer, Type 2109) disclosed that the 
second, third, and fourth harmonics were 8, 
11, and 21 db below the level of the funda- 
mental frequency, respectively. The percent- 
age of distortion was calculated as the ratio 
of the energy in all the higher harmonics ex- 
cept the fundamental to the energy in all the 
harmonics including the fundamental fre- 
quency. 
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band-pass filtered to exclude frequen- 
cies below 75 cps and above 2040 cps. 
A sound pressure level of 82 db (re 
0.0002 microbar) was maintained as 
the output of the earphones for the 
distorted signal whereas 98 db was 
maintained for the nondistorted signal. 
The difference in level was obtained 
subjectively by a loudness balance tech- 
nique on 10 normal-hearing ears. 
Excluding the phonation on the first 
breath and the time necessary for 
breath supply, the power level record- 
ing representative of 60 sec of phona- 
tion was scored for each condition 
using two criterion measures: (a) the 
number of phonatory blockages, and 
(b) the total time consumed by the 
blockages. By definition, a blockage of 
phonation occurred when the power 
level recording line indicative of the 
vowel amplitude fell to the baseline of 
the paper, that is, a fall of approxi- 
mately 40 db sound pressure level. In 
the case of ‘total-time-consumed-by- 
blocks’ the distance between the fall- 
off of amplitude mark and the rise of 
amplitude mark was measured along a 
line 5 db below the maximum ampli- 
tude of the phonated vowel as indi- 
cated on the power level recording. 
The results reported in Part A of the 
next section were obtained under the 
conditions described in the foregoing 
paragraphs. Part B of the next section 
describes results obtained by modify- 
ing the stated procedure in order to 
study the following: (a) the direct 
effect of the distorted sidetone condi- 
tion using a population of subjects who 
had neither practiced sustaining the 
vowel in falsetto nor attempted phona- 
tion under the condition of nondis- 
torted sidetone; (b) the effect of other 
distorted sidetone sound pressure levels; 
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(c) the effect of distorted sidetone as 
subjects sustained the vowel [u] at 
their normal fundamental frequency 
rather than in falsetto; (d) the effect 
of distorting the sidetone of vowels 
other than [u] as well as certain voiced 
consonants sustained by subjects in fal- 
setto; and (e) the effect of altering the 
phase of the fundamental frequency of 
distorted sidetone. In addition the re- 
sults of sound spectrographic analysis 
of tape recordings made under the vari- 
ous conditions are included in Part B. 


Results 


Part A. Analysis of the pooled data 
by ¢ tests for related means established 
that a significantly larger number of 
phonatory blockages (t = 8.89; df = 7; 
tor = 3.499) and greater total time 
consumed by blockages (¢ = 11.79; df 
= 7) occurred under the condition of 
distorted sidetone. The differences be- 
tween the mean values for the paired 
observations in the four sessions for 
each subject were used as scores. In- 
spection of the original data disclosed 
that a mean of 5.84 blockages (ranging 
from 2.75 to 12.75 blockages) totaling 
1.65 sec (0.30 to 3.65 sec) occurred 
under the condition of nondistorted 
sidetone whereas a mean of 40.15 block- 
ages (26.25 to 61.25 blockages) totaling 
17.67 sec (10.50 to 25.23 sec) occurred 
under the condition of distorted side- 
tone. 


Part B. Direct Effect. The direct 
effect of the above described condition 
of distorted sidetone was subjectively 
evaluated for 32 subjects; 20 male col- 
lege students, eight female college stu- 
dents, and four noncollege males, two 
of them approximately 50 years of age, 
one nine, and the fourth 11. In 28 cases 
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it was reported by the subjects and 
confirmed by the level recordings that 
phonatory blockages occurred whereas 
only inconsistent effects occurred for 
one male and two female college stu- 
dents and for one of the older subjects. 

Evaluations by the subjects with re- 
gard to the experienced blockage re- 
vealed the following: (a) nearly all 
were aware of tension at the site of 
the larynx, suggestive of vocal-cord 
closure; (b) more than 75% of the sub- 
jects mentioned ‘shortness of breath’ or 
factors thought to be related to dis- 
turbance of breath control; (c) ap- 
proximately 50% mentioned visceral 
tensions; (d) approximately 50% used 
extraneous body movements in at- 
tempts to regenerate the vowel after it 
had stopped; and (e) five subjects 
mentioned uncontrollable rapid lip 
tremors. False vocalization* and ex- 
tremely high-pitched vocalization were 
elicited commonly by the subjects, yet 
for the most part they were unaware 
of the deviations. 


Intensity of Air-Conducted Sidetone. 
The effect of varying the intensity of 
distorted sidetone was studied for five 
practiced subjects who were instructed 
to sustain the falsetto vowel in a pas- 
sive yet continuous manner. At a 
100-db sound pressure level as pro- 
duced by the earphones the phonatory 
blockages were of a longer duration. 
In many cases the subject was unable 
to regenerate the vowel without stop- 
ping for breath supply. Initiation of a 


‘Continuous vocalized ‘sputtering’ with a 
fundamental frequency about one octave 
lower than that of preceding and succeeding 
vocalization is called here false vocalization. 
This nonsemantic acoustic output is also 
called ventricular phonation and has been 
attributed to activity of the false vocal cords 
(32). (See Figures 3, 4, and 5.) 


vowel was usually successful but pho- 
nation was of short duration before 
the cycle repeated itself. Lower levels 
comparable to that of hearing by bone- 
tissue sidetone (60 to 65 db, arrived at 
by loudness balance techniques) pro- 
duced inconsistent effects, indicative 
perhaps of the threshold of the phe- 
nomenon based on the fact that a 5-db 
increment would provoke the effect 
anew but to a lesser degree than at 
higher levels. 

Fundamental Frequency of the 
Vowel. Five practiced subjects were 
instructed to phonate [u] at their natu- 
ral fundamental frequency and at the 
lowest sound pressure level conducive 
to continuous phonation. With a dis- 
torted signal of 85 db as produced by 
the earphones the phonation of three 
subjects was blocked in a consistent 
manner. The fourth subject experienced 
occasional phonatory blockages where- 
as the remaining subject showed in- 
consistent effects only. Five unprac- 
ticed subjects were instructed as stated 
above. In every case the vowel was 


“evaluated as hoarse in quality, and false 


vocalization was in evidence through- 
out the sessions. With increased atten- 
tion toward maintaining a somewhat 
stable fundamental frequency, four of 
the five subjects experienced phonatory 
blockages of short duration. It was the 
consensus among those subjects who 
experienced the phenomenon in falsetto 
as well as in this condition that the 
effect was provoked to a greater degree 
when the vowel was sustained in fal- 
setto than in this condition. 

Effect on Other Signals. The effect 
of sidetone distortion on signals other 
than [u] was observed in a preliminary 
manner on five practiced subjects, that 
is, the sound pressure level, per cent of 
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Figure 2. Two sound spectrograms with frequency as the ordinate, time as the abscissa, and 
intensity indicated by the density of the marking: (upper) sustained falsetto vowel [u] 
blocked by voluntarily closing the vocal cords; (lower) sustained falsetto vowel [u] blocked 
by distorted sidetone. V = vowel, B = blockage of phonation. 


distortion, and the phase of the fun- 
damental frequency of the signal were 
varied and confounded. Under these 
conditions sidetone distortion was ob- 
served to provoke phonatory blockage 
on the following signals sustained in 
falsetto: [ol], [9], [ez], [e], [1], [i], 
[m], [1], [b], and [g]. The lips were 
pursed around the probe tube for [m] 
and [b]. 

Alteration of Phase. Without dis- 
tortion of the signal only inconsistent 
effects were shown as the phase of the 
fundamental frequency of the vowel 
was shifted through 360 degrees. Ap- 
proximately the same effect obtained 
when the band-pass filter was set to 
include only the 350-cps fundamental 
frequency of the vowel as the funda- 
mental frequency was shifted in phase. 
When the signal was distorted and the 


band width was 75 to 2040 cps, the 
effect was obtained through the range 
of 360 degrees but to a lesser degree 
than that obtained without the phase 
shifter in the line. The latter fact could 
have been due to the filtering action 
inherent in the resonant-type phase 
shifter. One other subjective observa- 
tion would seem worth mentioning. 
As the phase control dial was rotated 
slowly, the phonatory blockage would 
become a much more dramatic event 
on a spasmodic basis. If the control 
was stopped at such a point the block- 
age would persist in its aggravated 
form, but if the dial was turned swiftly 
from the point, phonation would return 
only to be blocked again when the 
phase control was repositioned. The 
phase reading was not stable from one 
breath supply to the next and a period 
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Ficure 3. (upper) A clonic-type stuttering block on the word Jife. (lower) Sustained falsetto 
vowel [u] blocked by distorted sidetone, the fundamental frequency of which was shifted in 
phase showing extreme pitch variations as a function of time. V = vowel, B = blockage of 
phonation, H = high-frequency vocalization, FV = false vocalization. 


of tabulating such points for given sub- 
jects was not enlightening. 

A second attempt to establish the 
phase relationship utilized the delay 
unit mentioned previously.® This meth- 
od was used because it provides, within 
practical limits, a faithful reproduction 
of the signal spectrum, that is, the am- 


‘Conceivably, the delay in time may be 
viewed as a phase shift of the air-conduction 
sidetone experience to that of the bone-tissue 
sidetone experience or to the original signal. 
Using a complex nonperiodic signal such as 
connected speech, a cycle representing 360 
degrees of phase shift would be the period 
of a phoneme, syllable, word, or phrase, de- 
pending on one’s point of view. As the de- 
lay period exceeded the signal period the 
phase shift would be within or exceed 360 
degrees. In the case of a (pseudo) periodic 
signal such as a sustained vowel, a cycle 
representing 360 degrees of phase shift would 
be dependent on its periodicity and a phase 
shift or discrepancy of more than 360 degrees 
would not be theoretically possible, as in the 
case of sinusoidal signals. 


plitude and the phase of the compo- 
nents are preserved as a function of 
their frequencies. In this case how- 
ever the vowel was not heard within 
its first wave length due to the mini- 
mum delay and the tape speed (60 in. 
per sec) of the instrument. With this 
fact in mind it was observed that nei- 
ther a nondistorted nor a distorted sig- 
nal presented at equal loudness levels 
over a range of sound pressure levels 
caused consistent effects as the delay 
was varied between 0.02 and 0.25 sec. 
Little or no alteration of effect was 
noticed as a result of reversing the 
polarity of both earphones simultane- 
ously or one earphone as compared to 
the other in any of the conditions of 
Parts A and B. 

Sound Spectrographic Analysis. 
Sound spectrograms (Kay Electric, 
Model 651-A) were made from tape 
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recordings procured under conditions 
similar to those of Part A. The same 
eight subjects blocked phonation of the 
vowel [u] by approximating the vocal 
cords while hearing the nondistorted 
signal whereas in the second condition 
phonation was blocked by the distorted 
sidetone. The consensus of five people 
who judged the spectrograms was that 
the frequency bars of the voluntarily 
blocked vowels appeared to swing up- 
ward (increase of frequency) just prior 
to the onset of blockage as compared 
to the nearly straight extension of the 
bars of the involuntarily blocked 
vowels at the onset of blockage. Spec- 
trograms displaying these phenomena 
for one subject are shown in Figure 2. 
The straight extension of the bars has 
been observed also in several recorded 
samples of clonic-type stuttering blocks, 
one of which is shown in Figure 3. It 
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is of interest to note that Rawnsley and 
Harris (27) made a similar observation 
on syllables or sounds repeated by non- 
stutterers under the condition of de- 
layed sidetone. Figure 3 displays also 
a sustained falsetto vowel [u] blocked 
by distorted sidetone, the fundamental 
frequency of which was shifted in 
phase, showing extreme pitch variations 
as a function of time. 

Vannier and others (37) mentioned 
that induced blockage was not ob- 
served when the vowel was sustained 
in chest register. Representative spec- 
trograms displayed in Figure 4 show 
examples of the vowel [u] sustained 
at a normal fundamental frequency of 
voice under the condition of nondis- 
torted sidetone with no occurrence of 
blockage and the vowel [u] at normal 
fundamental blocked by distorted side- 
tone showing concomitant false vocali- 
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Ficure 4. (upper) A representative spectrogram of the vowel [u] sustained at a normal funda- 
mental frequency of voice under the condition of nondistorted sidetone. (lower) Sustained 
vowel [u] at normal fundamental frequency blocked by distorted sidetone showing concom- 
itant false vocalization. V = vowel, B = blockage of phonation, FV = false vocalization. 
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Ficure 5. (upper) Sustained vowel [u] at normal fundamental frequency blocked by distorted 
sidetone. (lower) Sustained vowel [u] at normal fundamental frequency under the condition 


of distorted sidetone showing extreme 


itch variations as a function of time. V = vowel, 


B = blockage of phonation, H = high-frequency vocalization, FV -= false vocalization. 


zation. The spectrograms displayed in 
Figure 5 show examples of induced 
blockage and also extreme pitch varia- 
tions as the vowel [u] was sustained at 
a normal fundamental under distorted 
sidetone. 

The results of using nonfiltered re- 
cordings and increasing the frequency 
range of the spectrograms to 8000 cps 
showed that the intervals of blockage 
were devoid of high-frequency mark- 
ings, which, if evidenced, would have 
indicated that the breath stream was 
traversing the oral cavity. This is sub- 
stantiated somewhat by the fact that 
the pickup probe extended 2 cm into 
the oral cavity during recording. 


Discussion 


The results of this study are difficult 
to compare to those reported by Van- 
nier and others (31) because of their 


omission of details. Whereas they 
stated merely that the emitted vowel 
was picked up by a microphone, micro- 
phone placement in the preliminary 
Stage of this study was varied from 
5 cm within the oral cavity to 13 cm 
directly in front of the incisors, with 
and without the probe tube, with no 
apparent phonatory blockage through 
a 360-degree phase shift irrespective of 
signal band width or level. The place- 
ment used throughout the present 
study seemingly allowed a normal delay 
of the air-conduction sidetone signal 
when it is considered that the signals 
emitted by the earphones were in phase 
with the signal following the micro- 
phone. Under these conditions phona- 
tory blockage, although it occurred 
only with signal distortion, seemed to 
be affected by the phase of the funda- 
mental frequency. 
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Ficure 6. A block diagram of a theoretical sidetone control circuit. 


Without implication, mention should 
be made of two possible sources of dis- 
tortion in the work of Vannier and 
others (31). From the description of 
their phase shifter it could be assumed 
that the unit was resonant at 300 cps 
and as such it effected a differential 
phase shift for the components of the 
vowel spectrum, especially since filters 
were not mentioned as line equipment. 
A second possibility of distortion 
would be the effect of ‘high amplifica- 
tion,’ this based on the inability of elec- 
tronic amplifiers to handle more than 
a certain signal amplitude without in- 
troducing some distortion of its form 
or spectrum. 

On the basis of the foregoing reser- 
vations the experimental blockage of 
phonation obtained under the condi- 
tions of this study may be viewed as 
evidence confirming the results re- 
ported by Vannier and others (31). 
The results of spectrographic analysis 
of voluntarily and involuntarily pro- 
voked phonatory blockages would tend 
to lend credence also to their strobo- 
scopic observation of a _ medially- 
occluded position of the vocal cords at 
the time of blockage. 


Tentative Explanation of the Block- 
age. Utilizing established neural path- 
ways, a theoretical point of view may 
be taken based for the most part on 
the following by Ruch (28): 


‘, . . the cerebellum could be likened to 
the comparator of a servomechanism. It 
may receive from the cerebral cortex some 
representation of the command and from 
the muscles a representation of the result- 
ing movement. These, compared, may re- 
sult in a signal that is transmitted to the 
motor cortex, altering its signal to the 
muscles so as to diminish the error... . 
However, the cerebellum receives im- 
pulses from the distance receptors, and 
from the cortical areas for vision and 
audition. These pass to the neocerebellum 
which is especially concerned with vol- 
untary movement. Such an arrangement 
may mean that the cerebellum can com- 
pare the true input, the auditory or visual 
representation of the goal, and the propri- 
oceptive indication of the limb’s posi- 


TIO 6 cue 


A modification of the foregoing pos- 
sibility would be an input-informed 
feedback circuit in which the auditory 
representation was transmitted to the 
cerebellum from the cochlear nuclei 
(15) rather than along the more cir- 
cuitous route to the auditory cortex, 
cerebellum, and then back to the motor 
cortex. With reference to Figure 6, 
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the corticifugal impulses necessary for 
voluntary phonation, in addition to 
activating the laryngeal musculature 
and other related systems via cortico- 
bulbar and corticospinal pathways, 
would be transmitted to the cerebellum 
by way of frontopontocerebellar path- 
ways. Considering the auditory repre- 
sentation of the goal (phonation), the 
composite bilateral signals of  air- 
conduction and bone-tissue sidetone 
would be transduced on the basilar 
membranes and transmitted via the 
cochlear nuclei to the cerebellar audi- 
tory centers which in turn are con- 
nected to the (pre) motor cortex by 
way of the cerebellar cortex, dentate 
nuclei, and the thalamus. In this man- 
ner the ‘report back’ could be con- 
ceived of as occurring with sufficient 
rapidity to permit control within the 
course of phonation of a vowel in con- 
text.® 

Speculatively, the manner in which 
the output signal would be scanned 
by such a system would be that the 
amplitude and periodicity of the signal 
could provide the bits of information 
necessary for comparison to the input 
signal with subsequent control of the 
input signal based on the discrepancy. 
To digress, it was mentioned that 
blockage of phonation occurred sig- 
nificantly more when a disto1ced vowel 
was the signal. When the signal was 
not distorted the spectrum was domi- 


*An average value for the duration of a 
vowel in context, as calculated from Black 
(7) and Fletcher (13), is 130 msec. This is to 
be compared with the shortest latency time 
of 10 msec between the onset of a tone and 
the resulting cortical response mentioned by 
Galambos (15). Although it cannot be as- 
sumed that this is the case via the cochleo- 
cerebellocortical pathway, the difference in 
time seemingly lends credence to the pos- 
sibility of control during performance. 


nated by the fundamental frequency 
whereas the amplitude of the second 
harmonic added by the nonlinear dis- 
tortion was of the same order of mag- 
nitude as the fundamental.’ 


If, as stressed by many theories of 
hearing, analysis of a complex signal 
occurs at the level of the basilar mem- 
brane, the distorted signal would pro- 
duce centripetal impulses representative 
of the harmonics inherent in the signal. 
If no one harmonic served as the pre- 
dominant bit of information provided 
the cerebellum (comparator) it is con- 
ceivable that the system would be 
thrown into a hunting type of oscilla- 
tion, which in turn could be reflected 
in wide swings of the fundamental fre- 
quency of phonation or a breakdown 
of the system. 


The phonatory blockage and the 
concomitant reactions could be viewed 
as satisfying at least in part the three 
cardinal signs of cerebellar disorder as 
listed by Ruch (28): (a) disorders in 
the direction, rate, range, and force of 


*movement; (b) tremor; and (c) hy- 


potonia. With regard to the latter, the 
observations by Vannier and others 
(31) and the interpretations of spec- 
trograms in this study tentatively show 
that the vocal cords were arrested in 
a position of adduction at the time of 
blockage. Moulonguet, Laget, and Hus- 
son (23) previously reported that the 
action potentials of the recurrent nerves 





‘Frequency analyses of eight nondistorted 
and eight distorted falsetto [u] signals dis- 
closed that the mean second, third, and fourth 
harmonics were 10.7, 18.8, and 24.2 db below 
the mean level of the fundamental frequency 
for the nondistorted signals and 4.4, 10.5, and 
13.3 db for the distorted signals. The eight 
pairs of signals were recorded from the eight 
subjects who served in the first portion of the 
study. 











were synchronous to the abduction of 
the vocal cords. On this basis it would 
seem logical to assume that the ab- 
ductor muscles were not fired off at the 
time of blockage or, said another way, 
they could be viewed as having been 
in a state of hypotonia. 

Implications of the Blockage. The 
lack of basic information concerning 
the organism at the time of experi- 
mental blockage of phonation makes 
it presently impossible to discuss its 
implications for dealing with clinical- 
type speech disorders, especially when 
the lack of similar information con- 
cerning the latter is appreciated. Yet, 
three effects of distorted sidetone were 
observed consistently enough to indi- 
cate their possible importance in terms 
of further research: (a) blockage of 
phonation, (b) extreme shifts of the 
fundamental frequency of phonation; 
and (c) voice quality of an undesirable 
nature. 

Although mentioned by some writers, 
the relationship of phonation to such 
early symptoms of stuttering as repe- 
titions and prolongations has not been 
studied systematically. In many cases 
it can be observed clinically that the 
repetitions are characterized by nonini- 
tiated (that is, omitted) vowels or 
voiced sounds that should be included 
in the syllable attempted or by vowels 
or voiced sounds that are initiated but 
not completed in the sense that tran- 
sition to the following sound is accom- 
plished. In other cases the prolongations 
are characterized by shifts of the fun- 
damental frequency of vowels or 
voiced sounds, for example, the eleva- 
tion of pitch as the sound is prolonged 
in transition to the following sound. 
On this basis it could be hypothesized 
that blockage or deterrents of phona- 
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tion in general serve as the locus of 
difficulty in at least a portion of the 
stuttering population. 

In other studies, it has been observed 
(a) that when stutterers were unable to 
hear their voices (sidetone) due to 
auditory masking they were less likely 
to stutter (24,29,10,21), (b) that whis- 
pering showed a marked tendency to 
be associated with a decrease in stut- 
tering (J), and (c) that the use of an 
electrolarynx (instead of vocal-cord 
activity) resulted in approximately a 
70% reduction of stuttering over a 
three-week period (22). Inasmuch as 
phase of sidetone was observed by Van- 
nier and others (3/7) to block phona- 
tion and was observed in this study to 
control the blockage, it is of interest 
to note that stutterers as a group ex- 
hibited an interear disparity with re- 
gard to the phase of bone-tissue side- 
tone (30). 


The experimental effects of extreme 
shifts of the fundamental frequency 
of phonation and voice quality of an 
undesirable nature could be hypothe- 
sized as related to the findings of Bow- 
ler and Anderson (9) in which a fun- 
damental frequency analysis of harsh 
voice quality disclosed abrupt and ex- 
treme changes of fundamental fre- 
quency occurring at an average of 1.6 
times per second within the lower half 
of the frequency range of individual 
subjects. 


Summary 


The primary purpose of the investi- 
gation was to determine the influence 
of air-conduction sidetone signal dis- 
tortion on the phonation of a vowel 
sustained in falsetto. Subjects experi- 
enced two experimental conditions that 
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differed in terms of signal only, one 
having no appreciable nonlinear distor- 
tion, the other having 62.5% nonlinear 
distortion. The results and conclusions 
were as follows: (a) Under the condi- 
tions of the study phonatory blockage 
occurred significantly more often when 
the air-conduction sidetone signal was 
distorted. (b) Under the conditions of 
the study a significantly greater total 
time was consumed by the phonatory 
blockages when the air-conduction 
sidetone signal was distorted. (c) Sound 
spectrographic analysis revealed that es- 
sentially the same pattern existed when 
phonation was blocked by voluntarily 
approximating the vocal cords as when 
phonatory blockage was provoked by 
the distorted air-conduction sidetone 
signal. (d) Three effects of air-conduc- 
tion sidetone signal distortion were ob- 
served to a degree of consistency that 
would stress their possible importance 
in terms of further research: block- 
ace of phonation; extreme pitch varia- 
tions of phonation; and voice quality of 
an undesirable nature. (e) With cer- 
tain reservations the experimental 
blockage of phonation obtained under 
the conditions of this study may be 
viewed as confirmative evidence to the 
results reported by Vannier and others 


(31). 
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